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pLSI and ispLSI Product Index 


Commercial Grade pLSI and ispLSI Devices 


DEVICE 

tpd 

fmax 

DESCRIPTION 

PAGE 

pLSI 1016 

12, 15, 20 

90, 80, 60 

44-pin programmable Large Scale Integration Device 

3-1 

pLSI 1024 

15, 20 

80, 60 

68-pin programmable Large Scale Integration Device 

3-17 

pLSI 1032 

15, 20 

80, 60 

84-pin programmable Large Scale Integration Device 

3-33 

pLSI 1048 

18, 24 

70,50 

120-pin programmable Large Scale Integration Device. 

3-49 

ispLSI 1016 

12, 15,20 

90, 80, 60 

44-pin in-system programmable Large Scale Integration Device 

4-1 

ispLSI 1024 

15,20 

80, 60 

68-pin in-system programmable Large Scale Integration Device 

4-21 

ispLSI 1032 

15, 20 

80,60 

84-pin in-system programmable Large Scale Integration Device 

4-41 

ispLSI 1048 

18, 24 

70, 50 

120-pin in-system programmable Large Scale Integration Device 

4-61 


Industrial Grade pLSI and ispLSI Devices 


DEVICE 

tpd 

fmax 

DESCRIPTION 

PAGE 

pLSI 1016 

20 

60 

44-pin programmable Large Scale Integration Device 

3-1 

pLSI 1024 

20 

60 

68-pin programmable Large Scale Integration Device 

3-17 

pLSI 1032 

20 

60 

84-pin programmable Large Scale Integration Device 

3-33 

pLSI 1048 

24 

50 

120-pin programmable Large Scale Integration Device 

3-49 

ispLSI 1016 

20 

60 

44-pin in-system programmable Large Scale Integration Device 

4-1 

ispLSI 1024 

20 

60 

68-pin in-system programmable Large Scale Integration Device 

4-21 

ispLSI 1032 

20 

60 

84-pin in-system programmable Large Scale Integration Device 

4-41 

ispLSI 1048 

24 

50 

120-pin in-system programmable Large Scale Integration Device 

4-61 


Military Grade pLSI and ispLSI Devices 


DEVICE 

tpd 

fmax 

DESCRIPTION 

PAGE 

pLSI 1016/883 

20 

60 

44-pin programmable Large Scale Integration Device 

5-3 

pLSI 1024/883 

20 

60 

68-pin programmable Large Scale Integration Device 

5-13 

pLSI 1032/883 

20 

60 

84-pin programmable Large Scale Integration Device 

5-23 

pLSI 1048/883 

24 

50 

132-pin programmable Large Scale Integration Device 

5-33 

ispLSI 1016/883 

20 

60 

44-pin in-system programmable Large Scale Integration Device 

5-43 

ispLSI 1024/883 

20 

60 

68-pin in-system programmable Large Scale Integration Device 

5-55 

ispLSI 1032/883 

20 

60 

84-pin in-system programmable Large Scale Integration Device 

5-67 

ispLSI 1048/883 

24 

50 

132-pin in-system programmable Large Scale Integration Device 

5-79 




Thank you for your continued interest in our High-Density pLSI and ispLSI product 
families. 

Lattice Semiconductor is pleased to provide you with this pLSI and ispLSI Data Book 
Supplement which includes Commercial, Industrial and Military data sheets for all eight 
members of the pLSI and ispLSI families of High-Density PLDs. 

This Supplement is intended to be used in conjunction with our 1992 pLSI and ispLSI 
Data Book and Handbook which contains valuable information regarding development 
tools, design techniques, device quality and reliability. 

We look forward to meeting your system design requ irements with our high-performance 
pLSI and ispLSI Families. 
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Introduction to pLSI and ispLSI 


Lattice Semiconductor’s pLSI (programmable Large Scale 
Integration) and ispLSI (in-system programmable Large 
Scale Integration) are two families of high-density and 
high-performance E 2 CMOS® programmable logic devices 
(see figure 1-1). They provide design engineers with a 
superior system solution for integrating high-speed logic 
features on a single chip. 

The Lattice pLSI and ispLSI families are the first program- 
mable logic devices to combine the performance and ease 
of use of PLDs with the density and flexibility of FPGAs. 

The ispLSI family also pioneers non-volatile, in-system 
programmability, a technology that allows real-time pro- 
gramming, less expensive manufacturing and end-user 
reconfiguration. 

Lattice’s E 2 CMOS technology features reprogrammability, 
the ability to program the device again and again to easily 
incorporate any design modifications. This same capabil- 
ity allows full parametric testability during manufacturing, 
which guarantees 100 percent programming and func- 
tional yield. 

All the necessary development tools are available from 
Lattice and industry standard third-party vendors. Devel- 
opment tools offered range from Lattice's low cost pDS 
software, featuring Boolean entry in a graphical Win- 
dows™ based environment, to our pDS+ family of fitters 
that interfaces with third party development software pack- 
ages. pDS+ features schematic capture, state machine 
and VHDL entry. Designs can now be completed in hours 
as opposed to days or weeks. 


Figure 1-1. pLSI and ispLSI Device Families 


Introduction to 
pLSI and ispLSI 


pLSI and IspLSI Product Features 

□ 90 MHz System Performance 

□ 1 2 ns Pin-to-Pin Delay 

□ Deterministic Performance 

□ High Density (2,000-8,000 PLD Gates) 

□ Flexible Architecture 

□ Easy-to-Use 

□ In-System Programmable (ispLSI) 

□ Low Power Consumption 

pLSI and ispLSI Technology 

□ E 2 CMOS — the PLD Technology of Choice 

□ Proven UltraMOS Technology 

□ Electrically Erasable/Programmable/ 
Reprogrammable 

□ 1 00% Tested During Manufacture 

□ 1 00% Programming Yield 

□ High-Speed Programming 

pLSI and ispLSI Development Tools 

□ Easy-to-Use Graphical Interface (MS Windows) 

□ Boolean Equations and Macro Input 

□ VHDL and Schematic Capture Entry 

□ Industry-Standard Third-Party Design 
Environments and Platforms 

□ Timing and Functional Simulation 


pLSI 1016 
ispLS1 1016 


pLS1 1024 
ispLS1 1024 


pLSI 1032 
ispLS1 1032 


pLS1 1048 
ispLSI 1048 


44-Pin PLCC 


68-Pin PLCC 


84-Pin PLCC 


120-Pin PQFP 






Introduction to pLSI and ispLSI 


Family Overview 


The pLSI and ispLSI families of high-density devices 
address high-performance system logic needs, ranging 
from registers, to counters, to multiplexers, to complex 
state machines. 

With PLD gate densities ranging from 2,000 to 8,000, the 
pLSI and ispLSI families provide a wide range of program- 
mable logic solutions to meet design requirements for 
today’s and tomorrow’s needs. 

Each device contains multiple Generic Logic Blocks (GLBs) , 
which are designed to maximize system flexibility and 
performance. A balanced ratio of registers and I/O cells 
provides the optimum combination of internal logic and 
external connections. A global interconnect scheme ties 
everything together, enabling utilization of up to 80% of 
available logic. Table 1-1 describes the family attributes. 


The pLSI and ispLSI Architecture 


The pLSI and ispLSI architecture was constructed with 
actual system design requirements in mind. This architec- 
ture provides the designer with the following advantages. 
Figure 1-2 shows the pLS1 1032 architecture. 

□ High Speed 

□ Predictable Performance 

□ Integration of Multiple Logic Functions 

□ Asynchronous Designs 

□ Flexible Logic Paths 

□ Advanced Global Clock Network 


Table 1-1. pLSI and ispLSI Family Attributes 


The Global Routing Pool (GRP) 

Central to the pLSI and ispLSI architecture is the Global 
Routing Pool (GRP) which connects all of the internal logic 
and makes it available to the designer. The GRP provides 
complete interconnectivity with fixed and predictable de- 
lays. This unique connection scheme consistently provides 
high performance and allows effortless implementation of 
complex designs. 

The Output Routing Pool (ORP) 

Pin assignment flexibility is maximized via the Output 
Routing Pool (ORP) which provides the connections be- 
tween the GLB outputs and the output pins. 


Figure 1-2. pLS1 1032 Architecture 
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80 

70 
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12 
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18 
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16 

24 

32 

48 
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96 

144 

192 

288 
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36 

54 
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68-pin PLCC 

84-pin PLCC 
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Introduction to pLSI and ispLSI 


Generic Logic Block (GLB) 

The basic logic element in the pLSI and ispLSI architecture 
is the Generic Logic Block (GLB). This powerful logic 
element provides an input-to-output ratio greater than 4:1 . 
With 18 inputs driving an array of 20 product terms (PTs) 
— which in turn feed four outputs — the GLB efficiently 
handles both wide and narrow gating functions. 
Figure 1-3 describes the GLB functionality. 

One element of architectural flexibility is the Product Term 
Sharing Array (PTSA). The PTSA allows the 20 PTs from 
the AND array to be shared with any and all of the four GLB 
outputs as needed to implement logic designs. This ability 
to share PTs between all of the GLB outputs provides a 
highly efficient implementation of complex state machines 
by eliminating duplicate product term groups. 


The architecture flexibility of the GLB, combined with its 
optimum input-to-output ratio, allows the GLB to implement 
virtually all 4-bit MSI functions. 

Each of the four outputs from the PTSA feeds into aflexible 
Output Logic Macrocell (OLMC), consisting of a D-type 
flip-flop with an Exclusive-OR (XOR) gateonthe input. The 
OLMC allows each GLB output to be configured either 
combinatorial or registered. Combinatorial mode is avail- 
able as AND-OR or XOR; registered mode is available as 
D, T or J-K. 

The GLB can be clocked synchronously or asynchro- 
nously. Global clocks from external pins or internally 
generated, provide all GLBs and I/O cells with synchro- 
nous clock signals with selectable polarity. This provides 
multiple synchronous clock phases to all GLBs and I/Os. 



Figure 1-3. Simplified Generic Logic Block Functionality 
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Introduction to pLSI and ispLSI 


The GLB has several configuration options for each OLMC. 
These can be mixed within each GLB in any combination. 
The configurations are described individually for clarifica- 
tion and they are; standard, high-speed bypass, XOR and 
multi-mode configurations. Figure 1-4 demonstrates the 
multi-mode configuration. 

Standard Configuration 

□ GLB Outputs have 4, 4, 5 or 7 Product Terms 

□ The PTSA Can Combine up to 20 PTs per GLB 
Output to Meet the Needs of Both Wide and 
Narrow Logic Functions. 

High-Speed Bypass Configuration 

□ For Speed-Critical Timing Paths 

□ Enables Design of Fast Address Decoders 


□ Bypasses the PTSA and the Internal XOR Gate of 
the OLMC 

□ Provides Four Product Terms Per Output 

XOR Configuration 

□ Utilizes Powerful XOR Architecture 

□ Powerful for Counters, Comparators and ALU 
Functions 

Multi-Mode Configuration 

□ Individual Outputs are Independently Configu- 
rable 

□ PTSA Allows Flexibility on the Number and Selec- 
tion of Product Terms Per Output 


Figure 1-4. GLB: Multi-Mode Configuration 
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Introduction to pLSI and ispLSI 


In-System Programmability 


The in-system programmable Large Scale Integration 
(ispLSI) family is the industry’s only high-density program- 
mable logic family offering non-volatile in-system 
reconfigurability. 

The ispLSI family is 100 percent functionally and para- 
metrically compatible with the pLSI family, with the added 
ability of 5-volt in-system programmability and 
reprogrammability. 

Complex logic functions can be implemented in multiple 
ispLSI devices, with complete on-board configurability. In- 
system programming of multiple ispLSI chip solutions is 
easily achieved through a proprietary in-system erase/ 
program/verify technique. 

In-system programmability can revolutionizetheway boards 
are designed, manufactured and serviced (see figure 1 -5). 

Prot otype Bo ard D esi g ns - In-system programming allows 
the programming and modification of logic designs “in- 
system” without removing the device(s) from the board. 


This accelerates the system and board-level debug pro- 
cess and enables definition of board layout earlier in the 
design process. 

Reconfigurable Systems - The options for accommodat- 
ing changes are greatly increased when you have the 
ability to change the functionality of devices already sol- 
dered on a board. Multiple hardware configurations can be 
implemented with the same circuit board design. Multiple 
protocols or multiple system interfaces can be defined on 
a generic board as the last step in the manufacturing flow. 

Dia gnostic Capability - Using the ispLSI device, the diag- 
nostic capability of the system can be enhanced. A test 
pattern can be programmed into the ispLSI device at 
board-test, enabling the logic to control and observe spe- 
cific nodes on the board. After the diagnostic testing is 
complete, the functional pattern can be programmed into 
the device for normal system operation. 

Easier Field Updates - With software reconfigurable sys- 
tems, field updates are as easy as loading a new device 
configuration from a floppy, or downloading it through a 
modem. 



Figure 1-5. In-System Programmable “Generic” Board 
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Multiple ispLSI devices can be reconfigured through 
multiplexed signals interfaced via an edge connector, 
5-post connector, microcontroller or microprocessor. 
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Introduction to pLSI and ispLSI 


A powerful benefit of the ispLSI family is its potential to 
streamline the manufacturing process by eliminating the 
separate programming and labeling steps usually associ- 
atedwithPLDs. Quality is enhanced when product handling 
steps are reduced, in this case, those associated with 
programming, labeling and re-inventorying multiple device 
types. Eliminating socketing further improves quality and 
reduces board cost. Figure 1-6 shows the enhanced 
manufacturing with the ispLSI device. 


All necessary programming is achieved via five TTL-level 
logic interface signals (see figure 1-7). These five signals 
control the on-chip programming circuitry, which protects 
against inadvertent reprogramming via on-chip state ma- 
chines. The ispLSI family can also be programmed using 
popular third-party logic programmers. 


Figure 1-6. Manufacturing Flow Comparison 


Standard Flow Enhanced Flow 

Using PLDs/FPGAs Using ispLSI Devices 



Figure 1-7. In-System Programming Interface (Multi- 
Chip Solution) 
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Introduction to pLSI and ispLSI 


Lattice Development Systems 


Figure 1-8. pDS Design Flow 


The Lattice pLSI/ispLSI Development System (pDS) 
software is used to implement designs in pLSI and ispLSI 
devices. Design alternatives can be quickly implemented 
using Lattice's low cost pDS software or the pDS+ family of 
fitters that interface with third-party development software 
packages. This section describes the pDS and pDS+ % 
Development Systems. Programmer support is also 
discussed. 


pLSI/ispLSI Development System (pDS) 


Features 

□ High-Performance, Low-Cost Development 
Environment 

□ Supports pLSI and ispLSI Device Families 

□ Boolean Logic and Text File Design Entry 



• Boolean Equations 

• Macros (>225) 

• “ABEL"- Like Syntax 


• Logic Minimization 

• Checks for Signal Availability 


• Automatic 

• Optimized 

• Fast 


• Viewsim 

• EDIF Compatible 


• JEDEC File Generation 

• Download to Programmer 
or to Device (ispLSI) 


□ Windows Based Graphical User Interface 

□ Over 225 Macros Available 

□ Automatic Place and Route 

□ Static Timing Table 

□ Logic Simulation with Viewlogic™ Viewsim™ 


The pDS software supports over 225 macros to help the 
design process. These macros cover most TTL functions, 
from gate primitives to 16-bit counters. The software also 
supports user-definable macros which can be modifica- 
tions of existing macros or custom creations. 

The pDS software automatically verifies the design, per- 
forms logic minimization and checks for signal availability. 



□ JED EG File Download Direct to Programmer or 
ispLSI Device 

General Description 

Both the pLSI and ispLSI families are supported by Lattice's 
low-cost pDS software . It runs on IBM-compatible (386/486) 
PCs with Microsoft® Windows. 

The easy-to-use graphical user interface with the familiar 
mouse driven pull-down menus, combined with Boolean 
logic data entry using ABEL™ -like syntax, makes design 
entry with the pLSI and ispLSI quick and straightforward 
(see figure 1-8). 


The Lattice Place and Route assigns pins and critical 
speed paths while routing the design. 

Quick compilation speeds the design, debug and rework 
process dramatically. Incremental design techniques are 
also supported. 

Timing and functional simulation are available from Lattice, 
using Viewsim simulation software. 

The Windows graphical user interface makes programming 
easy, using pull-down menus, intuitive point-and-click 
commands and self explanatory instructions. Without any 
up-front training, designs can be completed within hours 
instead of days or weeks. 
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Introduction to pLSI and ispLSI 


pLSI/ispLSI Development System Plus (pDS+)| 


Features 

□ Supports pLSI and ispLSI Device Families 

□ Schematic Capture, State Machine and VHDL 
Design Entry 

□ Expanded Macro Library (>350) 

□ Automatic Logic Minimization and Partitioning 

□ Automatic Place and Route 

□ Logic and Timing Simulation 

□ EDIF Compatible 

□ JEDEC File Download Direct to Programmer or 
ispLSI Device 

General Description 

For higher level design entry environments, Lattice offers 
pDS+ development software packages, which expand on 
the core capabilities of pDS. Schematic capture, state 
machine and VHDL entry are supported, along with an 
expanded macro library. 

The pDS+ software utilizes industry standard third-party 
design environments such as Viewlogic's Viewdraw™ 
and Data I/O's ABEL. 

Running on IBM compatible (386/486) PCs or workstation 
platforms, pDS+ software supports automatic logic 
minimization and partitioning as well as place and route, 
resulting in 1 00% mutability at greaterthan 80% utilization . 

For logic and timing simulation, support is available from 
Lattice through Viewlogic Viewsim simulation tools. 


Third Party Programming Support 


The pLSI and ispLSI families are supported by popular 
third-party logic programmers including Data I/O, Logical 
Devices, BP-Microsystems, Stag, System General, SMS 
Micro Systems and Advin. Table 1-2 describes each 
vendor's specific programmer models that support the 
pLSI and ispLSI devices. No proprietary, expensive, high 
pin-count programmers are required. Additionally, the 
ispLSI family can be programmed on the board (in-sys- 
tem), which eliminates the need for a stand-alone 
programmer. Package programming adapters are avail- 
able from third-party manufacturers. For specific details 
refer to the Lattice Programming Tools Guide available 
from your local sales representative. 


Table 1-2. Programming Support 


Programmer Vendor 

Model 

Advin Systems 

Pilot-U84 

Pilot-U40 

Pilot-GL/GCE 

BP-Microsystems 

PLD-1128 

CP-1128 

Data I/O 

2900 

3900 

Unisite 

Logical Devices 

Allpro 40 

Allpro 88 

SMS Micro Systems 

Sprint Expert 

Stag 

System 3000 

ZL30/A 

System General 

TURPRO-1 


isp Engineering Kit 


The ispLSI family may also be programmed with Lattice's 
isp Engineering Kit. This kit is designed for engineering 
purposes only and is not intended for production use. By 
connecting an 8 wire cable to the parallel printer port of a 
PC, JEDEC files can be easily downloaded into the ispLSI 
device. Additionally, this cable can be connected directly 
to the circuit board facilitating on-board in-system 
programming. 
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pLSI and ispLSI 
Architectural Description 


Introduction 


The basic unit of logic forthe pLSI and ispLSI families is the 
Generic Logic Block (GLB). Figure 2-1 illustrates the pLSI 
1 032 with its 32 GLBs labelled AO, A1 .. D7. There are a 
total of 16 GLBs in the pLSI and ispLSI 1016 device, 
increasing to 48 GLBs in the pLSI and ispLS1 1 048 device. 
Each GLB has 18 inputs, a programmable AND/OR/XOR 
array, and four outputs which can be configured to be either 
combinatorial or registered. Inputs to the GLB come from 
the Global Routing Pool (GRP) and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB onthe 
device. 

The devices also have 32 to 96 I/O cells, each of which is 
directly connected to an I/O pin. Each I/O cell can be 
individually programmed to be a combinatorial input, reg- 
istered input, latched input, output or bi-directional I/O pin 
with 3-state control. Additionally, all outputs are polarity 
selectable, active high or active low. The signal levels are 
TTL compatible voltages and the output drivers can source 
4 mA or sink 8 mA. 


The I/O cells are grouped in sets of 1 6 as shown in figure 
2-1 . Each of these l/Ogroups is associated with a Megablock 
through the use of the Output Routing Pool (ORP). 

Eight GLBs, 16 I/O cells, one ORP and two dedicated 
inputs are connected together to make a Megablock. The 
outputs of the eight GLBs are connected to a set of 16 
universal I/O cells by the ORP. Each megablock shares 
a common Output Enable (OE) signal. The pLSI 1032 
device, shown in figure 2-1 contains four Megablocks 

The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the devices are selected using the Clock 
Distribution Network. The dedicated clock pins 
(Y0, Y1, Y2 and Y3) are brought into the distribution 
network, and five outputs (CLK 0, CLK1 , CLK 2, IOCLK 0 
and IOCLK 1 ) are provided to route clocks to the GLBs and 
I/O cells. The Clock Distribution Network can also be 
driven from a special GLB (CO on the pLSI and ispLS1 1 032 
device) . The logic of this GLB allows the user to create an 
internal clock from a combination of internal signals within 
the device. 


Figure 2-1. pLS1 1032 Functional Block Diagram 
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pLSI and ispLSI Architectural Description 


Generic Logic Block 


The Generic Logic Block (GLB) is the standard logic block 
ofthe Lattice High-Density pLSI and ispLSI devices. AGLB 
has 18 inputs, four outputs and the logic necessary to 
implement most standard logic functions. The internal logic 
of the GLB is divided into four separate sections: the AND 
Array, the Product Term Sharing Array (PTSA), the 
Reconfigurable Registers, and the Control Functions (see 
figure 2-2). The AND array consists of 20 product terms 
which can produce the logical sum of any of the 18 GLB 
inputs. Sixteen of the inputs come from the Global Routing 
Pool, and are either feedback signals from any of the GLBs 
or inputs from the external I/O cells. The two remaining 
inputs come directly from two dedicated input pins. These 
signals are available to the product terms in both the logical 
true and the complemented forms which makes boolean 
logic reduction more efficient. 

The PTSA takes the 20 product terms and routes them to 
the four GLB outputs. There are four OR gates, with four, 
four, five and seven product terms each (see figure 2-2). 
The output of any of these OR gates can be routed to any 


of the four GLB outputs, and if more product terms are 
needed, the PTSA can combine them as necessary. In 
addition, the PTSA can share product terms similar to a 
PLA device. If the user's main concern is speed, the PTSA 
can use a bypass circuit which provides four product terms 
to each output, to increase the performance of the cell (see 
figure 2-3). This can be done to any or all ofthe four outputs 
from the GLB. 

The Reconfigurable Registers consist of four D-type flip- 
flops with an XOR gate on the input. The XOR gate in the 
GLB can be used either as a logic element or to reconfigure 
the D-type flip-flop to emulate a J-K or T-type flip-flop (see 
figure 2-4). This greatly simplifies the design of counters, 
comparators and ALU type functions. The registers can be 
bypassed if the user needs a combinatorial output. Each 
register output is brought back into the Global Routing Pool 
and is also brought to the I/O cells via the Output Routing 
Pool. Reconfigurable registers are not available when the 
four product term bypass is used. 


Figure 2-2. GLB: Product Term Sharing Array Example 
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Figure 2-3. GLB: Four Product Term Bypass Example 
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Figure 2-4. GLB: XOR Gate Example 
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Generic Logic Block (continued) 


The PTSA is flexible enough to allow these features to be 
used in virtually any combination that the user desires. In 
the GLB shown infigure 2-5, Output Three (03) is configured 
using the XOR gate while Output Two (02) is configured 
using the four Product Term Bypass. Output One (01) 
uses one of the inputs from the five Product T erm OR gate 
while Output Zero (OO) combines the remaining four product 
terms with all of the product terms from the seven Product 
Term OR gate for a total of eleven (7+4). 

Various signals which control the operation of the GLB 
outputs are driven from the Control Functions (see figure 
2-5). The clock forthe registers can come from any of three 
sources developed in the Clock Distribution Network (see 


Clock Distribution Network section) or from a product term 
within the GLB. The Rese t Signal for the GLB can come 
from the Global Reset pin (RESET) or from a product term 
within the block. The global reset pin is always connected 
and is logically "ORed" with the PT reset (if used). An active 
reset signal always sets the Q of the registers to a logic 0 
state. The Output Enable forthe I/O cells associated with 
the GLB comes from a product term within the block. Use 
of a product term for a control function makes that product 
term unavailable for use as a logic term. Refer to the 
Product Term Sharing Matrix (table 2-1) to determine 
which logic functions are affected. 

There are many additional features in a GLB which allow 
implementation of logic intensive functions. These features 
are accessible using the Hard Macros from the software 
and require no intervention on the part of the user. 


Figure 2-5. GLB: Various Logical Combination Examples 
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Product Term Sharing Matrix 


This matrix shows how each of the product terms are used 
in the various modes. As an example, Product Term 12 can 
be used as an input to the five input OR gate inthe standard 
configuration. This OR gate under standard configuration 
can be routed to any of the four GLB outputs. Product T erm 

Table 2-1. Product Term Sharing Matrix 


12 is not used in the four product term bypass mode. When 
GLB output one is used in the XOR mode Product Term 1 2 
becomes one of the inputs to the four input OR Gate. If 
Product Term 1 2 is not used in the logic, then it is available 
for use as either the Asynchronous Clock signal orthe GLB 
Reset signal. 
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The Megablock 


A Megablock consists of eight GLBs, an ORP, 1 6 I/O cells, 
two dedicated inputs and a common OE. Each of these will 
be explained in detail in the following sections. These 
elements are coupled together as shown in figure 2-6. The 
various members of the pLSI and ispLSI families combine 
from two to six Megablocks on a single device (see table 
2 - 2 ). 

The eight GLBs within the Megablock share two dedicated 
input pins. These dedicated input pins are not available to 
GLBs in any other Megablock. These pins are dedicated 
(non-registered) inputs only and are automatically assigned 


by software. The OE signal is generated within the 
Megablock and is common to all sixteen of the I/O cells in 
the Megablock. The OE signal can be generated using a 
product term (PT19) in any of the eight GLBs within the 
Megablock (see the section on the Output Enable Control 
for further details). 

Because of the shared logic within the Megablock, signals 
which share a common function (counters, busses, etc.) 
should be grouped within a Megablock. This will allow the 
user to obtain the best utilization of the logic within the 
device and eliminate routing bottlenecks. 
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Table 2-2. Device Resources 


pLSI and ispLSI Devices 

Megablocks 

GLBs 

I/O Cells 

Dedicated Inputs 

1016 

2 

16 

32 

4 

1024 

3 

24 

48 

6 

1032 

4 

32 

64 

8 

1048 

6 

48 

96 

10 


Figure 2-6. The Megablock Block Diagram 
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Input Routing 


Signal inputs are handled in two ways within the device. 
First, each I/O cell within the device has its input routed 
directly to the GRP. This gives every GLB within the device 
access to each I/O cell input. Second, each Megablock has 
two dedicated inputs which are directly routed to the eight 
GLBs within the Megablock. Both input paths are shown in 
figure 2-6. 


The Output Routing Pool 


The ORP routes signals from the GLB outputs to I/O cells 
configured as outputs or bi-directional pins (see figure 
2-7). The purpose of the ORP is to allow greater flexibility 
when assigning I/O pins. It also simplifies the job for the 
routing software which results in a higher degree of 
utilization. 

By examining the ORP in figure 2-7, it can be seen that a 
GLB output can be connected to one of four I/O cells. 
Further flexibility is provided by using the PTSA, (figures 
2-2 through 2-5) which makes the GLB outputs completely 
interchangeable. This allows the routing program to freely 
interchange the outputs to achieve the best mutability. This 
is an automatic process and requires no intervention on the 
part of the user. 

The ORP bypass connections (see figure 2-8) further 
increase the flexibility of the device. The ORP bypass 
connects specific GLB outputs to specific I/O cells at a 
faster speed. The bypass pathtendsto restrictthe mutability 
of the device and should only be used for critical signals. 
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Figure 2-7. Output Routing Pool 
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Figure 2-8. Output Routing Pool showing Bypass 


I/O Cell Inputs 



I/O Cell 


The I/O cell (see figure 2-9) is used to route input, output 
or bi-directional signals connected to the I/O pin. The two 
logic inputs come from the ORP (see figure 2-9). One 
comes from the ORP, and the other comes from the faster 
ORP bypass. A pair of multiplexers select which signal will 
be used, and its polarity. The Output Enable of the I/O cell 
is controlled by the OE signal generated within each 
Megablock. 

As with the data path, a multiplexer selects the signal 
polarity. The Output Enable can be set to a logic high 
(enabled) when an output pin is desired, or logic low 
( disabled ) when an input pin is needed. The Global Reset 
(RESET) signal is driven by the active low chip reset pin. 


This reset is always connected to all GLB and I/O registers. 
Each I/O cell can individually select one of the two clock 
signals (IOCLK 0 or IOCLK 1). These clock signals are 
generated by the Clock Distribution Network. 

Using the multiplexers, the I/O cell can be configured as an 
input, an output, a 3-stated output or a bi-directional I/O. 
The D-type register can be configured as a level sensitive 
transparent latch or an edge triggered flip-flop to store the 
incoming data. Figure 2-10 illustrates some of the various 
I/O cell configurations possible. 

There is an active pull-up resistor on the I/O pins which is 
automatically used when the pin is not connected. An 
option exists to have active pull-up resistors connected to 
all pins. This improves the noise immunity and reduces Icc 
for the device. 
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Figure 2-9. I/O Cell Architecture 



Figure 2-10. Examples of I/O Cell Configurations 
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The Output Enable Control 


One OE signal can be generated within each GLB using the 
OE Product Term (PT19). One of the eight OE signals 
within a Megablock is then routed to all of the I/O cells within 
that Megablock (see figure 2-11). This OE signal can 
simultaneously control all of the 1 6 I/O cells which are used 
in 3-state mode. Individual I/O cells also have independent 
control for permanently enabling or disabling the output 


buffer (refer to the I/O cell section). Only one OE signal is 
allowed per Megablock for 3-state operation. The advan- 
tage to this approach is thatthe OE signal can be generated 
in any GLB within the Megablock which happens to have 
an unused OE product term. This frees up the other OE 
product terms for use as logic. 
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Global Routing Pool 


The GRP is a Lattice proprietary interconnect structure 
which offers fast predictable speeds with complete con- 
nectivity. The GRP allows the outputs from the GLBs or the 
I/O cell inputs to be connected to the inputs of the GLBs. 
Any GLB output is available to the input of all other GLBs, 


and similarly an input from an I/O pin is available as an input 
to all of the GLBs. Because of the uniform architecture of 
the pLSI and ispLSI devices, the delays through the GRP 
are both consistent and predictable. However, they are 
slightly affected by GLB loading as shown in the example 
pLS1 1 032-80 GLB Loading Delay graph (see figure 2-12). 


Figure 2-12. Example Graph of GRP Delay vs GLB Loading 



Clock Distribution Network 


The Clock Distribution Networks are shown in figure 2-1 3. 
They generate five global clock signals CLK 0, CLK 1, 
CLK 2 , IOCLK 0 and IOCLK 1 . The first three, CLK 0, 
CLK 1 and CLK 2 are used for clocking all the GLBs in the 
device. Similarly, IOCLK 0 and IOCLK 1 signals are used 
for clocking all of the I/O cells in the device. There are four 
dedicated system clock pins (Y0, Y1 , Y2, Y3), three for the 
pLSI and ispLS1 1016 (Y0, Y1 , Y2), which can be directed 
to any GLB or any I/O cell using the Clock Distribution 
Network. The other inputs to the Clock Distribution Net- 
work are the four outputs of a dedicated clock GLB ("CO" for 
the pLS1 1 032 is shown in figure 2-1 ). These clock GLB 
outputs can be used to create a user-defined internal 
clocking scheme. 


For example, the clock GLB can be clocked using the 
external main clock pin Y0 connected to global clock signal 
CLK 0. The outputs of the clock GLB in turn can generate 
a "divide by" signal of the CLK 0 which can be connected 
to CLK 1 , CLK 2, IOCLK 0 or IOCLK 1 global clock lines. 

All GLBs have the capability of generating their own 
asynchronous clocks usingtheclockProductTerm (PT12). 
CLK0, CLK 1 and CLK 2 feed to their corresponding clock 
MUX inputs on all the GLBs (see figure 2-2). 

The two I/O clocks generated in the Clock Distribution 
Network IOCLK 0 and IOCLK 1 , are brought to all the I/O 
cells and the user programs the I/O cell to use one of the 
two. 
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Figure 2-13. Clock Distribution Networks 
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•Note: Pin Y1 has the Clock and 
Reset Functions Multiplexed 
on the pLSI and ispLS1 1016, 
Selection is controlled in 
the software tools. 


Security Cell I Latch-up Protecti on 


A security cell is provided in the pLSI and ispLSI devices to pLSI and ispLSI devices are designed with an on-board 
prevent unauthorized copying of the array patterns. Once charge pump to negatively bias the substrate. The negative 
programmed, this cell prevents further read access to the bias is of sufficient magnitude to prevent input undershoots 
functional bits in the device. This cell can only be erased from causing the internal circuitry to latch-up. Additionally, 
by reprogramming the device, so the original configuration outputs are designed with n-channel pull-ups instead of the 
can never be examined once this cell is programmed. traditional p-channel pull-ups to eliminate any possibility of 

. SCR induced latching. 


Device Programming 


pLSI and ispLSI devices are programmed using a Lattice- 
approved device programmer, available from a number of 
third party manufacturers. Complete programming of the 
device takes only a few seconds. Erasing of the device is 
automatic and is completely transparent to the user. In- 
system programming is available with ispLSI devices only, 
this allows programming on the circuit board using Lattice 
programming algorithms and standard 5V system power. 
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Timing Model 


The task of determining the timing through the device is delays together (figure 2-15). Critical timing paths are 
simple and straightforward. The device timing model is shown in figure 2-14, using data sheet parameters. Note 
shown in figure 2-1 4. To determine the time that it takes for that the Internal timing parameters are given for reference 
datato propagate throughthe device, simply determine the only, and are not tested. (External timing parameters are 
path the data is expected to follow, and add the various tested and guaranteed on every device). 

Figure 2-14. pLSI and ispLSI Timing Model 1 


I/O Cell GRP GLB ORP I/O Cell 



‘Note: Y1 and Y2 only for the pLSI and ispLSI 1016. 


Figure 2-15. pLSI and ispLSI Timing Model Examples 1 
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tpdl = tiobp 

+ 

tgrp4 

+ 

t4ptbp 

■+ 

torpbp 

+ 

tob 

#1 = #20 

+ 

#28 

+ 

#33 

+ 

#46 

+ 

#47 

tpd2 = tiobp 

+ 

tgrp4 

+ 

txoradj 

+ 

torp 

+ 

tob 

#2 = #20 

+ 

#28 

+ 

#36 

+ 

#45 

+ 

#47 

Registered Paths 









General Form: 









tsu = Logic 

+ 

Regsu 


Clock(min) 





th = Clock(max) 

+ 

Regh 

- 

Logic 





tco = Clock(max) + 

Regco 

+ 

Output 





Specific Examples: 









tsul = (tiobp 

+ 

tgrp4 

+ 

t4ptbp) 

+ 

tgsu 

- 

tgyO(min) 

#6 = (#20 

+ 

#28 

+ 

#33) 

+ 

#38 

- 

#50 

thl * tgyO(max) 

+ 

tgh 

- 

(tiobp 

+ 

tgrp4 

+ 

t4ptbp) 

#8 = #50 

+ 

#39 

- 

(#20 

+ 

#28 

+ 

#33) 

tcol = tgyO(max) 

+ 

tgco 

+ 

(torpbp 

+ 

tob) 



#7 = #50 

+ 

#40 

+ 

(#46 

+ 

#47) 




1 . The timing parameter reference numbers refer to the Internal Timing Parameters contained in the individual data sheets. 
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Figure 2-15. pLSI and ispLSI Timing Model Examples 1 (continued) 
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1. The timing parameter reference numbers refer to the Internal Timing Parameters contained in the individual data sheets. 


Circuit Timing Example 


Figure 2-16. Timing Calculation Example 

A design requires two logic levels (each uses the 20PTXOR path). The design then uses a GLB register before exiting 
the device using the ORP bypass. Calculate tsu, th and tco. 



tsu = Logic +Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor + tgbp + tgrp4 + t20ptxor) + tgsu - tgyO(min) 
= (#20 + #28 + #35 + #37 + #28 + #35) + #38 - #50 

1 9.5 ns = (2.0 + 2.0 + 8.0 + 1 .0 + 2.0 + 8.0) +1.0- 4.5 

th = Clock (max) + Reg h - Logic 

= tgyO(max) + tgh - (tiobp + tgrp4 + t20ptxor + tgbp + tgrp4 + t20ptxor) 
= #50 + #39 - (#20 + #28 + #35 + #37 + #28 + #35) 

-1 4.0 ns = 4.5 + 4.5 - (2.0 + 2.0 + 8.0 + 1 .0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= tgyO(max) + tgco + (torpbp + tob) 

= #50 + #40 + (#46 + #47) 

10.0 ns = 4.5 + 2.0 + (0.5 + 3.0) 


1 . The delay values used are for a pLS1 1 032-80 device. 
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ispLSI Programming Information 


The following general programming information on the 
ispLSI (in-system programmable Large Scale Integration) 
devices describes how the internal state machine is imple- 
mented for programming and how to use the five 
programming interface signals to step through the state 
machine. The device specific information, such as timing 
and pin outs, can be found in the individual data sheets. 
The programming information given in this section applies 
to all ispLSI devices. 

Programming Overview 

To distinguish between normal operation and program- 
ming, two modes are defined: normal mode and edit 
mode. Once the device is in edit mode, the entire program- 
ming operation of the device is controlled by the inte rnal isp 
state machine. The in-system programming enable (ispEN) 
signal controls the device operation modes. 


The programming is controlled by the on-chip state m achine 
via five programming interface signals. The ispEN signal 
is used to enable and disable the four programming control 
signals which include Serial Data In (SDI), Mode (MODE), 
Serial Data Out (SDO) and Serial Clock (SCLK). Whenthe 
device is in normal mode, the four programming control 
signal pins can be used as normal Dedicated Input Pins. 
Figure 2-1 7 illustrates one such possible configuration for 
programming multiple ispLSI devices. With this scheme 
the ispEN signal for individual devices is enabled separately 
and one device is placed in the edit mode at a time. Since 
the other devices are in the normal mode, they can continue 
to perform normal system functions. This simple scheme 
requires connecting all four programming control signal 
pins together and preclude s their u se as dedicated inputs 
for normal system functions. ispEN istheonly programming 
interface signal that is dedicated to a pin. 


Figure 2-17. ispLSI Programming Interface 



2-14 












pLSI and ispLSI Architectural Description 


Normal Mode 

In Normal Mode the four programming control pins become 
Dedicated Input pins. By multiplexing the programming 
control pins, these programming control pins can have a 
normal input function during Normal Mode. Figures 2-18 
and 2-19 illustrate two alternate schemes which allow the 
designer to utilize the four programming control signal pins 
for performing normal system functions. Internal to the 
device, the programming functions are completely isolated 
from the normal operating fun ctions when the device is in 
Normal Mode. Keeping the ispEN signal high puts the 
device in Normal Mode. For simplicity, the four program- 
ming control pins can be left unused for normal input 
functions. These pins can be reserved for isp use using the 
isp switch in the development tools. By leaving these pins 
unused, the programming interface is simplified when the 
programming signals and the Normal Mode input signals 
are not multiplexed. 

Edit Mode 


Programming circuitry is enabled by driving the ispEN 
signal low which puts the device in Edit Mode. In Edit 
Mode, all the functional I/O pins and input pins that are not 
used during programming are 3-stated. With the exception 
of the SDO signal, the remainder of the programming 
interface signals are input signals. When multiplexing the 
programming interface signals, the input driving the SDO 
pin must be 3-stated to make sure that there is no signal 
contention. All programming is accomplished in the Edit 
Mode by controlling the programming state machine with 
the MODE and SDI signals. SCLK is used to clock 
programming data in and out through SDI and SDO pins. 
SDI has a dual role as one of the two control signals for the 
state machine and as the serial data input. To avoid any 
internal register data contentions, Lattice recommends 
that the device Reset pin be pulled to ground when the 
device is in Edit Mode. 

Programming Interface 

The five programming interface pins are ispEN, SDI, 
MODE, SDO and SCLK. Once in Edit Mode, programming 
is controlled by SDI, MODE, SDO and SCLK signals. In 
Normal Mode, the programming control pins can be used 
as dedicated inputs to the device. 


ispEN is an active low, dedicated enable pin, which en- 
ables the four programming control pins when it is driven 
low (Vil) and disables the programming control pins when 
it is driven high (Vih). All other I/O pins are 3-stated during 
Edit Mode and pulled up by the internal active pull-up 
resistors (equivalent to 1 00K Q . ). 


SDI performs two different functions. First, as the input to 
the serial shift register and second, as one of the two control 
pins for the programming state machine. Because of this 
dual role, SDI’s function is controlled by the MODE signal. 
When MODE is low SDI is the serial input to the shift 
registers and when MODE is high SDI becomes the control 
signal. Internal to the device, the SDI is multiplexed to 
address shift register, high order data shift register and low 
order data shift register. The different shift instructions of 
the state machine determine which of these shift registers 
gets the input of the SDI. 

The MODE signal combined with the SDI signal controls 
the programming state machine. This signal connects in 
parallel to all ispLSI devices. 

SCLK is the serial shift register clock that is used to clock 
the internal serial shift registers. A low-to-high (positive) 
clock transition clocks the state machine. It also connects 
in parallel to all ispLSI devices. Similar to SDI, the shift 
instructions determine which of the shift registers are 
clocked for the data input from SDI. 

SDO is the output of the serial shift registers. The selection 
of shift register is determined by the state machine’s shift 
instruction. In the flowthrough instruction and when MODE 
is driven high, the SDO connects directly to the SDI, and 
bypasses the device’s shift registers. Since this is the only 
output pin for the Edit Mode, this signal will drive the 
external devices that are connected to this pin. 


Programming Details 

The programming is completely controlled by the state 
machine, once the device is in the Edit Mode. The state 
machine consists of three states, in which all programming 
related operations are performed. In order to run these 
programming operations, five bit instructions are defined 
(see table 2-4). Each instruction is then shifted into the 
device in one of the three states and executed in another 
state. The initial state of the state machine is used when 
the device is idle during edit, or to shift out the eight bit 
device identification code. 

The following sections describe the general information 
about the critical timing parameters, state machine, state 
machine instructions, and device layout that apply to all the 
ispLSI devices. Any device specific information like the 
size of the shift registers and the device specific timing 
information can be found in the individual device data 
sheet. 
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Figure 2-18. The Scan and Multiplex Programming Mode 



Figure 2-19. The Scan and Multiplex Programming Mode 
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SDI 

SDO 

ispEN 

Device 

Select 
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Critical Timing Parameters 

When programming the ispLSI devices there are several 
critical timing parameters that must be met in order to 
program the devices properly. The most critical of these 
parameters are the programming pulse width (t pwp ) and 
the bulk erase pulse width (tbew)- These pulse widths 
determine the programming and erasing of the E 2 cells. 
Figure 2-20 shows these critical program and erase timing 
specifications. 

Along with the two programming and erasing specification, 
the following timing specifications must also be met. 

td - Time delay that must elapse between events. It is 

the time delay from the termination of the previous 
event. 

t isp - Spe cifies th e time it takes to get into the isp mode 
after ispEN signal is activated or the time i t takes 
to come out from the isp mode after the ispEN 
becomes inactive. 


t su - Set up time of the control signals before the SCLK 

or the set up time of input signals against other 
control signal where applicable. 

th - Hold time of the control signal after the SCLK. It 
also applies to the same input signals from the set 
up time. 

tdki, - Minimum clock pulse width. 

tclkh 

tpwv- Verify or read pulse width. The minimum time 
requirement from the rising clock edge of verify/ 
load instruction execution to the next rising clock 
edge (see figure 2-20). 

t rs t - Power on reset timing requirement. t rst must 
elapse after power up before any operations are 
performed on the device. 

All the programming timing parameters are summarized in 

the timing diagram (see figure 2-21). 



Figure 2-20. Program, Verify & Bulk Erase Timing 



Figure 2-21. isp Programming Timing Requirements 



VlL VOL 
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Figure 2-22. Programming State Machine 



State Machine Operation 

The state machine has three states to control the program- 
ming and usesthe MODE and SDI as inputs foreach state. 
Based on these input signals, each of the three states make 
decisions to either stay in the same state or to branch to 
another state. The three states are Idle/ID State, Com- 
mand Shift State and Execute State. The programming 
state machine diagram in figure 2-22 shows the three 
states and the status of the control signals in each state for 
indicated operation. 

Idle/ID State 

The Idle/ID state is the first state which is active when the 
device gets into the Edit Mode. The state machine is in the 
Idle/ID state when the device is idle, in the Edit Mode, or 
when the user needs to read the device identification. The 
eight bit device identification is loaded into the shift register 
by driving MODE high, SDI low and clocking the state 
machine with SCLK. Once the ID is loaded, it is read out 
serially by driving MODE low. Notice that when reading the 
device ID serially, SDI can either be high or low (don’t care) 
and the state machine needs only seven clocks to read out 
eight bits of ID. The default state for the control signals is 
MODE high and SDI low. State transition to Command 
Shift State occurs when both MODE and SDI are high while 
state machine gets a clock transition. Table 2-3 lists the 
eight bit device I D’s for all the ispLSI devices. As with most 
shift registers the Least Significant Bit (LSB) of the ID gets 
shifted out from the SDO first. 

Command Shift State 

This state is strictly used for shifting in the command 
instructions into the state machine. The entire five-bit 
instruction set is listed in the next section. When MODE is 
low and SDI is don’t care in the Command Shift State, 


Table 2-3. IspLSI Device ID Codes 


Device 

MSB LSB 

ispLSI 1016 

00000001 

ispLS1 1024 

00000010 

ispLS1 1032 

00000011 

ispLS1 1048 

00000100 


SCLK shifts the instruction into the state machine. Once 
the instruction is shifted into the state machine, the state 
machine must transition to the Execute State to execute 
the instruction. Driving both MODE and SDI high and 
applying the clock will transfer the state machine from 
Command Shift State to Execute State. If needed, the state 
machine can move from Command Shift State to Idle/ID 
State by driving MODE high and SDI low. 

Execute State 

In the Execute State, the state machine executes instruc- 
tions that are loaded into the device in the Command Shift 
State. For some instructions, the state machine requires 
more than one clock to execute the command. An example 
of this multiple clock requirement is the address or data 
shift instruction. The number of clock pulses required for 
these instructions depends on the device shift register 
sizes (refer to the isp programming section of the data 
sheet). When executing instructions such as Program, 
Verify or Bulk Erase, the necessary timing requirements 
must be followed to make sure that the commands are 
executed properly. For specific timing information refer to 
the individual data sheets. 

To execute a command, the MODE is driven low and SDI 
is don’t care. For multiple clock instructions the control 
signals must remain in the same state throughout the 
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duration of the execution. MODE high and SDI high will 
take the state machine back to the Command Shift State 
and MODE high and SDI low will take the state machine to 
the Idle/ID State. 


Instructions 

Table 2-4 lists the instructions that can be loaded into the 
state machine in the Command Shift State and then 
executed in the Execute State. Notice that reading the 
device identification is done during the Idle/ID State and 
does not require an instruction. 


Table 2-4. State Machine Instruction Set 



Instruction 

Operation 

Description 

00000 

NOP 

No operation performed. 

00001 

ADDSHIFT 

Address Register Shift: Shift address into the address shift register 
from SDI. 

00010 

DATASHIFT 

Data Register Shift: Shifts data into or out of the data serial register. 

00011 

UBE 

User Bulk Erase: Erase the entire device. 

00100 

GRPBE 

Global Routing Pool Bulk Erase: Bulk erases the GRP array only. 

00101 

GLBBE 

Generic Logic Block Bulk Erase: Bulk erases all the GLB array only. 

00110 

ARCHBE 

Architecture Bulk Erase: Bulk erases the architecture array and I/O 
configuration only. 

00111 

PRGMH 

Program High Order Bits: The data in the shift register is programmed 
into the addressed row's high order bits. 

01000 

PRGML 

Program Low Order Bits: The data in the data shift register is 
programmed into the addressed row's low order bits. 

01001 

PRGMSC 

Program Security Cell: Programs the security cell of the device. 

01010 

VER/LDH 

Verify/Load High Order Bits: Load the data from the selected row's high 
order bits into the data shift register for programmed verification. 

01011 



oiiio 

FLOWTHRU 

Flow Through: Bypasses all the internal shift registers and SDO 
becomes the same as SDI. 

10010 

VE/LDH 

Verify Erase/Load High Order Bits: Load the data from the selected 
row's high order bits into the data shift register for erased verification. 

10011 

VE/LDL 

Verify Erase/Load Low Order Bits: Load the data from the selected 
row's low order bits into the data shift register for erased verification. 
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While it is possible to erase the individual arrays of the 
device, it is recommended that the entire device be erased 
(User Bulk Erase) and programmed in one operation. This 
Bulk Erase operation should precede every programming 
cycle as an initialization. 

When a device is secured by programming the security cell 
(PRGMSC), the on-chip verify and load circuitry is dis- 
abled. Securing of the device should be done as the last 
procedure after all the device verifications have been 
completed. The only way to erase the security cell is to 
perform a bulk erase on the device. 

Device Layout 

The purpose of knowing the device layout is to be able to 
translatethe JEDECformat programming file into the serial 
data stream format for programming ispLSI devices. Two 
main factors determine howthe translation is implemented. 
The length of the address shift register and the length of the 
data shift register. The length of the address shift register 
indicates how many rows of data are to be programmed 
into the device. The length of the data shift register 
indicates how many bits are to be programmed in each row. 
Both registers operate on the First In First Out (FIFO) basis 
where the Least Significant Bit (LSB) of the data or address 
is shifted in first and the Most Significant Bit (MSB) of the 
data or address is shifted in last. For the data shift register, 
the low order bits and the high order bits are separately 
shifted. 

Figure 2-23 on page 2-21 illustrates the general layout of 
all the ispLSI devices. Between all ispLSI devices there are 
exactly the same number of rows for the I/O and architec- 
ture array as there are for the GLB array. The GRP array 
size is proportional to the size of the device. According to 
the size of the GRP array, the size of the address shift 
register is adjusted for different devices. T ables 2-5 and 2- 
6 summarize the array and shift register sizes for all ispLSI 
devices. 

Table 2-5. Summary of Address Shift Register Rows 


Using ispLS1 1 032 as a specific example the transition from 
a JEDEC format programming file to the ispLSI device 
format is illustrated below. The JEDEC format program- 
ming file for the ispLS1 1032 is organized as follows: 


LOOOOO 

01010101.... 

....010101010* 

L00040 

11111111.... 

....111111111* 

L00080 

00000000 .... 

.... 000000000 * 

L00120 

11111111 

....111111111* 

L00160 

01010101 

....010101010* 


The L field in the JEDEC programming file indicates the first 
cell number of each row. The JEDEC standard requires 
that there is at least the beginning cell number L00000. 
L fields of the subsequent lines are optional. From this 
reference cell location all other cell locations can be deter- 
mined. Zero in the cell location indicates that the E 2 cell in 
that particular location is programmed (or has a logic 
connection equivalent to a metal fuse being intact). A one 
(1) in the cell location indicates that the cell is erased 
(equivalent to a blown fuse). The successful operation of 
Fusemap in the Lattice software generates this JEDEC 
standard programming file. This is also the standard that is 
widely used in the PLD industry for translating design ideas 
into the device specific layout for programming. 


Address SR Rows 

ispLS1 1016 

ispLS1 1024 

ispLS1 1032 

ispLS1 1048 

I/O & Arch. Array 

12 

12 

12 

12 

GLB Array 

72 

72 

72 

72 

GRP Array 

12 

18 

24 

36 

Total Address SR Rows 

96 

102 

108 

120 
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Translating the JEDEC programming file into the 
ispLS1 1 032 device format, the layout should be as follows: 




LSB 

MSB 

Row# 

0000 High 

L00000.... 

....L00159 

Row# 

0000 Low 

L00160.... 

....L00319 

Row# 

0001 High 

L00320.... 

....L00479 

Row# 

0001 Low 

L00480.... 

....L00639 


The least significant bit of the data shift register matches up 
with the lowest cell number of the corresponding cells from 
the JEDEC programming file. 

Command Stream 

The first step of programming the ispLSI devices is to 
determine the type of device to be programmed. This can 
be done by reading the eight-bit device ID of all the devices. 
By keeping the SDI to a known level (either high or low), the 
ID shift can be terminated when a sequence of eight ones 
or eight zeros is read. From the device ID the serial bit 
stream for programming can be arranged. A typical 
programming sequence is as follows: 

1 ) ADDSHFT command shift 

2) Execute ADDSHFT command 

3) Shift address 

4) DATASHFT command shift 

5) Execute DATASHFT command 

6) Shift high order data 

7) PRGMH command shift 

8) Execute PRGMH 

9) DATASHFT command shift 

10) Execute DATASHFT command 

1 1 ) Shift low order data 

12) PRGML command shift 

13) Execute PRGML 

14) Repeat from 1) until all rows are programmed. 


Diagnostic Register Preload 

This section explains how to preload all of the buried 
registers and I/O registers to a known state to test the logic 
function of a device. The process of loading the register will 
reduce the time necessary to test a function that is deeply 
into the logic of an ispLSI device. 

To preload a device the isp state machine is u sed wi th the 
same five pins that are used for programming ispEN, SDI, 
MODE, SDO and SCLK. Two state machine commands 
preload all of the registers: GLBRLD and IOPRLD. These 
two commands enable two different shift registers and 
enable data to be loaded into the device. The process of 
loading data into the device is: 

1 . Enter the isp programming mode by driving ispEN pin to 
Vil. 

2. Load command GLBRLD and execute command (wait 
one tclk). 

3. Clock in the GLB preload data. 

4. Load the command IOPRLD and execute the command 
(wait one tclk). 

5. Clock in the I/O preload data. 

6. Return to the normal mode by driving the ispEN pin to 
Vih. 

7. Execute the vectors. 

When preloading a device i t is important to keep the 
dedicated input pins (RESET, YO, Y1, Y2 and Y3) in the 
same state as the previous vector. If the state of these pins 
is switched during the preload sequence the register may 
not load correctly and the results cannot be guaranteed. 

The preload feature is not recommended on designs which 
use product term resets. The asynchronous nature of 
these resets can cause registers to be reset unexpectedly, 
therefore the results cannot be guaranteed. 

There are two shift registers used to preload an ispLSI 
device, the GLB shift register and the I/O shift register (see 
table 2-7). The data format for both devices is shown in 
figure 2-24. The GLB registers are listed with their outputs 
(i.e. (A7 OO) indicating output 0, of GLB A7). 
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Table 2-7. Preload Shift Registers 


Device 

GLB Shift Reg. Length 

I/O Shift Reg. Length 

ispLS1 1016 

64 bits 

32 bits 

ispLS1 1024 

96 bits 

48 bits 

ispLS1 1032 

128 bits 

64 bits 

ispLSI 1048 

: 

192 bits 

96 bits 


Figure 2-24. GLB Shift Register and I/O Shift Register Format 


Data In 
(SDI) 


GLB Shift Register Format 

1016 GLB Register Preload Format 

(A7O0) (A7 01). ..(AO 02) (AO 03) (BO OO) (BO 01)...(B7 02) (B7 03) 


Data In 
(SDI) 


1024 GLB Register Preload Format 

(B3O0)...(B0 03) (A7 O0)...(A0 03) (B4O0)...(B7 03) (CO O0)...(C7 03) 


Data In 
(SDI) 


1032 GLB Register Preload Format 

(B7 O0)...(B0 03) (A7 O0)...(A0 03) (CO O0)...(C7 03) (DO O0)...(D7 03) 


Data In 
(SDI) 


1048 GLB Register Preload Format 

(C7 O0)...(C0 03) (B7 O0)...(B0 03) (A7 O0)...(A0 03) (continued) 


(continued) (DO O0)...(D7 03) (EOOO)...(E7 03) (FO O0)...(F7 03) 


Data Out 
(SDO) 


Data Out 
(SDO) 


Data Out 
(SDO) 


Data Out 
(SDO) 


Data In 
(SDI) 


I/O Shift Register Format 

1016 I/O Register Preload Format 

(I/O 15) (I/O 14) (I/O 13)...(l/0 1) (I/O 0) (I/O 16) (I/O 17)...(l/0 29) (I/O 30) (I/O 31) 


Data Out 
(SDO) 


Data In 
(SDI) 


Data In 
(SDI) 


Data In 
(SDI) 


1 024 I/O Register Preload Format 

(I/O 23) (I/O 22) (I/O 21). ..(I/O 1) (I/O 0) (I/O 24) (I/O 25)...(l/0 45) (I/O 46) (I/O 47) 


1 032 I/O Register Preload Format 

(I/O 31) (I/O 30) (I/O 29). ..(I/O 1) (I/O 0) (I/O 32) (I/O 33)...(l/0 61) (I/O 62) (I/O 63) 


1048 I/O Register Preload Format 

(I/O 47) (I/O 46) (I/O 45). ..(I/O 1) (I/O 0) (I/O 48) (I/O 49)...(l/0 93) (I/O 94) (I/O 95) 


Data Out 
(SDO) 


Data Out 
(SDO) 


Data Out 
(SDO) 
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Diagnostics Using ispLSI Devices 

A different type of diagnostic feature takes advantage of 
the in-system programmability. For diagnostics, the ispLSI 
devices can be programmed with the test functions in 
diagnostic mode. When the diagnostic is complete, the 
ispLSI devices can then be reprogrammed with the func- 
tional pattern. 

Programming Tools 

To support use of the ispLSI devices Lattice provides some 
sample C language routines which are available on the 
Lattice Bulletin Board System (BBS): (408)-980-9814. 
Included are sample routines of: 

□ Programming a Device. 

□ Verifying a Device. 

□ Reading a Device. 

□ Securing a Device. 

□ Bulk Erasing a Device. 

These routines are provided to guide development of 
custom ispLSI drivers for individual applications. 
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pLSr 1016 

programmable Large Scale Integration 
High-Density Programmable Logic 




| Features 


Functional Block Diagram [ 


• PROGRAMMABLE HIGH-DENSITY LOGIC 

— Member of Lattice’s pLSI Family 

— High-Speed Global Interconnects 

— 32 I/O Pins, Four Dedicated Inputs 

— 96 Registers 

— Wide input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— f max = 90 MHz Maximum Operating Frequency 

— tpd = 1 2 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Three Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI™ DEVELOPMENT SYSTEM (pDS™) 

pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
— Automatic Place and Route 
— Static Timing Table 

pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 


B 



Description 


The Lattice pLSI 1016 is a High-Density Programmable 
Logic Device which contains 96 Registers, 32 Universal 
I/O pins, four Dedicated Input pins, three Dedicated Clock 
Input pins and a Global Routing Pool (GRP). The GRP 
provides complete interconnectivity between all of these 
elements. 

The basic unit of logic on the pLSI 1016 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, 
A1 ..B7, (see figure 1 ). There are a total of 1 6 GLBs in the 
pLS1 1016 device. Each GLB has 18 inputs, a program- 
mable AND/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. 

Tel. (503) 681-01 18; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) September 1992. Rev. C 
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Functional Block Diagram 


Figure 1. pLS1 1016 Functional Block Diagram 



The device also has 32 I/O cells, each of which is directly The GRP has as its inputs the outputs from all of the GLBs 
connected to an I/O pin. Each I/O cell can be individually and all of the inputs from the bi-directional I/O cells. All of 
programmed to be a combinatorial input, registered input, these signals are made available to the inputs of the GLBs. 
latched input, output or bi-directional I/O pin with 3-state Delays through the GRP have been equalized to minimize 
control. Additionally, all outputs are polarity selectable, timing skew, 
active high or active low. The signal levels are TTL 

compatible voltages and the output drivers can source 4 docks in the pLSI 1016 device are selected using the 
mA or sink 8 mA. Clock Distribution Network. Three dedicated clock pins 

(Y0, Y1 and Y2) are brought into the distribution network, 
Eight GLBs, 1 6 I/O cells, two dedicated inputs and one and f ive clock outputs (CLK 0, CLK 1 , CLK 2, IOCLK 0 and 
ORP are connected together to make a Megablock (see IOCLK 1 ) are provided to route clocks to the GLBs and I/O 
figure 1). The outputs of the eight GLBs are connected to cells. The Clock Distribution Network can also be driven 
a set of 1 6 universal I/O cells by the ORP. The pLS1 1 01 6 from a special clock GLB (BO on the pLS1 1 01 6 device). The 
device contains two of these Megablocks. logic of this GLB allows the user to create an internal clock 

from a combination of internal signals within the device. 


Lattice 

■ ■■ 
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Specifications pLS1 1016 


Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the “Absolute Maximum 
Ratings" may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 


Supply Voltage 

Commercial T A = 0°C to +70°C 

4.75 

5.25 

V 

Industrial T A = -40°C to +85°C 

4.5 

5.5 


Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1 .0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated Input Capacitance 

8 

Pf 

Vcc^.OV, V in =2.0V 

c 2 

I/O and Clock Capacitance 

10 

Pf 

VCO-5.0V, V„ 0l V v =2.0V 


1 . Guaranteed but not 1 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

100 

CYCLES 
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Switching Test Conditions 


Input Pulse Levels 

GNDto 3.0V 

Input Rise and Fall Times 

< 3ns 1 0% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V 0L + 0.5V 

4700 

3900 

5pF 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


*C L includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l 0L =8 mA 

- 

- 

0.4 

V 

VOH 

Output High Voltage 

Ioh ="4 mA 

2.4 


- 

V 

IlL 

Input or I/O Low Leakage Current 

0V<V in <V il (MAX.) 

- 

- 

-10 

pA 

IlH 

Input or I/O High Leakage Current 

> 8 

Vl 

z 

> 

VI 

X 

> 

- 

- 

10 

\iA 

IlL-PU 

I/O Active Pull-Up Current 

0V<V IN <V 1L 

- 


-150 

[iA 

losi 

Output Short Circuit Current 

V cc = 5V, V 0UT 

-60 

- 

-200 

mA 

ICC2 

Operating Power Supply Current 

V IL = 0.5V, V IH = 3.0V 

^TOGGLE = 20 MHZ 

Commercial 

- 

100 

150 

mA 

Industrial 

- 

100 

170 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using four 1 6-bit counters. 

3. Typical values are at V cc = 5V and T A = 25°C. 
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Specifications pLS1 1016 
Commercial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 
COND. 

# 2 

DESCRIPTION 1 

-90 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

12 

- 

15 

- 

20, 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

17 

- 

20 

- 

25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

90.9 

- 

80 

- 

60 

- 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback ( tsU 2 +tcoi) 

58.8 

- 

50 

- 

38 

- 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

125 

- 

100 

- 

83 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

6 

- 

7 

- 

9 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

8 

- 

10 


13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

0 

- 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

9 

- 

10 

- 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

10 

- 

12 

- 

16 

ns 

th2 

- 

ED 

GLB Reg. Hold Time after Clock 

0 

- 

0 

- 

0 

- 

ns 

trl 

1 

m 

Ext. Reset Pin to Output Delay 

- 

15 

- 

17 

- 

22.5 

ns 

trwl 

- 

m 

Ext. Reset Pulse Duration 

10 


10 

- 

13 

- 

Hi 

ten 

2 

m 

Input to Output Enable 

- 

15 

- 

18 

- 

24 

i 

tdis 

3 

m 

Input to Output Disable 

- 

ia 

- 

18 

- 

24 


twh 

“ 


Ext. Sync. Clock Pulse Duration, High 

4 

- 

5 

- 

6 

- 

ns 

twl 


17 

Ext. Sync. Clock Pulse Duration, Low 

4 

- 

5 


6 

- 

■a 

tsu5 

- 

18 

I/O Reg. Setup Time before Ext. Sync. Clock (Y1, Y2) 

2 

- 

2 

- 

2.5 

- 

ns 

th5 


19 

I/O Reg. Hold Time after Ext. Sync. Clock (Y1, Y2) 

6.5 

- 

6.5 

- 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 
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Specifications pLS1 1016 
Commercial 


Internal Timing Parameters 1 


PARAMETER 


DESCRIPTION 

-90 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

- 

1.0 

- 

2.0 

- 

2.7 

ns 

tiolat 

m 

I/O Latch Delay 

- 

Q] 

- 

3.0 

- 

EQ 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

ia 

- 


- 

EQ 

- 

ns 

tioh 

OH 

I/O Register Hold Time after Clock 

EH 

- 


- 

IQ 

- 

ns 

tioco 

m 

I/O Register Clock to Out Delay 

- 

2.0 

- 

99 

- 



tior 

m 

I/O Register Reset to Out Delay 

- 

m 

- 

m 

- 


ns 


26 

Dedicated Input Delay 

- 

2.0 

- 

EO 

“ 



GRP 

ISOM 

m 

GRP Delay, 1 GLB Load 

- 

eq 

- 

|Q 

- 

WEI 


K35|ME 

m 

GRP Delay, 4 GLB Loads 

- 

1.0 

- 

E9 

- 

m 

9 

KSOHB 

EH 

GRP Delay, 8 GLB Loads 

- 

1.8 

- 


- 

EQ 

9 

13 * 25 ® 

3 

GRP Delay, 12 GLB Loads 

- 

09 


EQ 

- 

EQ 



E9 


- 

EQ 

- 

|Q 

- 

Q 

9 

GLB 

EjMi 


4 Product Term Bypass Path Delay 

- 

EjUjjj 

- 

EQ 

- 

EQ 


oees99i 

m 

1 Product Term/XOR Path Delay 

- 

ED 

- 

KQ 

- 

09 

999 


3 

20 Product Term/XOR Path Delay 

- 

EQ 

- 

09 

- 

os 

909 


9 

XOR Adjacent Path Delay 3 

- 

B*f! 


09 

- 


ns 


Ea 

GLB Register Bypass Delay 

- 


- 

IQ 

- 


9*9 

ES999 

EH 

GLB Register Setup Time before Clock 

KQ 

- 

TO 

- 

|Q 

- 

9 

tgh 

39 

GLB Register Hold Time after Clock 

09 

- 

m 

- 

WEI 

- 

9191 


Eg 

GLB Register Clock to Output Delay 

- 

m 

- 


- 


ns 

tgr 

E9 

GLB Register Reset to Output Delay 

- 

m 

- 

m 

- 


ns 

tptre 

42 

GLB Product Term Reset to Register Delay 

~ 

KEW 

- 

FEW 

- 


ns 


43 

GLB Product Term Output Enable to I/O Cell Delay 

- 

BjfH 

- 

WEI 

- 


ns 

os 

Eg 

GLB Product Term Clock Delay 

3.5 

m 

3.5 

m 

EQ 



ORP 

torp 

m 

ORP Delay 

- 

2.5 

- 

WEI 

- 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.5 

- 

0.5 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1016 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

* 

DESCRIPTION 

-90 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

- 

2.5 

- 

3.0 

- 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

4.0 

- 

5.0 

- 

6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

4.0 

- 

5.0 

- 

6.7 

ns 

Clocks 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

3.5 

3.5 

4.5 

4.5 

6.0 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

2.5 

4.5 

3.5 

5.5 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 

5.0 

1.0 

5.0 

1.3 

6.6 

ns 

tioyl/2 

53 

Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 

2.5 

4.5 

3.5 

5.5 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

1.0 

5.0 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

7.5 

- 

9.0 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLS1 1016 
Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-60 

UNITS 

MIN, 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

; 60 

'V;> 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback fagTieohj / f " \ 1, 



MHz 

fmax (Tog.) 


5 

Clock Frequency, Max Toggle 4 

'W 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 


- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass \ 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

ns 

trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

22.5 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable \ 

- 

24 

ns 

tdis 

3 

15 

Input to Output Disable 

- 

24 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse. Duration.; High .. 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Ruli$e dbratfortKNW'?^ 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time bilfpre E>dt.,§ync. Clock (Y1 , Y2) 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hpld f ime after Sync. Clock (Y1 , Y2) 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameteirs t»se a GRP load d|4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this da^ sh^t foHprthW de^|l§. 

3. Standard 16-Bit loadable couo%#%^RP v t^ 0 dbaplC' 

4. fmax (Toggle) may be less than%(WW to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test&onditiorts Section. 
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Specifications pLS1 1016 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

* 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

/ !r f 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 


4.0 

ns 

tiosu 

£2 

I/O Register Setup Time before Clock 

,7.3 

\-, x 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

1.3 :: < 


ns 

tioco 

24 

I/O Register Clock to Out Delay 


: 4.0 

ns 

tier 

25 

I/O Register Reset to Out Delay 


3.3 

ns 

tdin 

26 

Dedicated Input Delay 

~ 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads \ 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

GLB \v\ 

t4ptbp 

33 

4 Product Term Bypass Path Qsfay 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay' • 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XOR p|th Delay 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent Path.. Delay 3 \ 

- 

12.7 

ns 

tgbp 

37 

GLB Register Byjija&s Delayfx 

- 

1.3 

ns 

tgsu 

38 

GLB Registerjp&up fiiri.e beib#6lock 

1.3 

- 

ns 

tgh 

39 

GLB Register;; Hdld time after Clock 

6.0 

- 

ns 

tgco 

40 

GLB Register blqdk t<? ; :Otiitput Delay 

- 

2.7 

ns 

tgr 

41 

QbB-P%[ste^Bes^tt6 Output Delay 

- 

3.3 

ns 

tptre 

42 :: ; 

GUB ProduXTerrh Reset to Register Delay 

- 

13.3 

ns 

tptoe 

ik 

''GfcJp-froS'&f^erm Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptek 

44- ::: 

: : ; pLfe Proddct Term Clock Delay 

4.6 

9.9 

ns 

ORP 


torp 

<45, 

ORP Delay 

- 

3.3 

ns 

torpbp 

:: 4 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timirfg Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1016 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 


MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

f 

4.0 


toen 

48 

I/O Cell OE to Output Enabled 

Wffl 

m 



49 

I/O Cell OE to Output Disabled 


6.7 

ns 

Clocks 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


'6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line \. : \ ) 

- 4-:4 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioyl/2 

53 

Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLS1 1016 


pLS1 1016 Timing Model 


GRP 


ORP l/OCell 


Feedback 



Derivations of tsu, th and tco from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

8.0 ns = (1 .0 + 1 .0 + 8.0) + (3.5) - (1 .0 + 1.0 + 3.5) 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

2.5 ns = (1 .0 + 1 .0 + 7.5) + (3.0) - (1.0 + 1.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40) + (#45 + #47) 

1 6.0 ns = (1 .0+ 1 .0 +7.5) + (2.0) + (2.5 + 2.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (1 .0 + 1 .0 + 8.0) + (3.5) - (3.5 + 2.0+1 .0) 

th = Clock (max) + Reg h - Logic 

= (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

3.5 ns = (3.5 + 2.0 + 5.0) + (3.0) -(1.0 +1.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

17.0 ns = (3.5 + 2.0 + 5.0) + (2.0) + (2.5 + 2.0) 


1 . Calculations are based upon timing specs for the pLS1 1 01 6-90. 
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Specifications pLS1 1016 


illLattice 

■■■■■■ 

■■■■■■ 

■■■■■■ 

Figure 3. Typical Device Power Consumption vs fmax 



fmax (MHz) 


Notes: Configuration of Four 16-bit Counters 
Typical Current at 5V, 25°C 


Figure 4. Maximum GRP Delay vs GLB Loads 
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Specifications pLS1 1016 


Pin Description 


Name 

PLCC Pin Numbers 

Description 

I/O 0-1/0 3 

15, 

16, 

17, 

18, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

19, 

20, 

21, 

22, 

logic array. 

1/08-1/011 

25, 

26, 

27, 

28, 


1/012-1/0 15 

29, 

30, 

31, 

32, 


1/016-1/0 19 

37, 

38, 

39, 

40, 


I/O 20 - I/O 23 

41, 

42, 

43, 

44, 


I/O 24 - I/O 27 

3, 

4, 

5, 

6, 


I/O 28 - I/O 31 

7, 

8, 

9, 

10 


IN 0- IN 3 

14, 

24, 

36, 

2 

Dedicated input pins to the device. 

YO 

11 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 /RESET 

35 




This pin performs two functions: 

- Dedicated clock input. This clock input is brought into the Clock 






Distribution Network, and can optionally be routed to any GLB 
and/or I/O cell on the device. 






- Active Low (0) Reset pin which resets all of the GLB and I/O 

Y2 





registers in the device. 

33 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell in the 







device. 

NC 

13 




This pin should be left floating or tied to V cc . 

This pin should never be tied to GND. 

GND 

1, 

23 



Ground (GND) 

Vcc 

12, 

34 



Vcc 
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Specifications pLS1 1016 


Pin Configuration 


pLSl 1016 PLCC Pinout Diagram 


5 99 5 z § Q Q Q 5 Q 

nnnnnnnnnno.. 

6 5 4 3 2 1 44 43 42 41 40 


I/O 28 C 7 
I/O 29 C 8 
I/O 30 C 9 
1/0 31 C 10 
YO C H 
VCC C 12 
NC j 13 
IN0 C 14 
1/0 0 C 15 
I/O 1 C 16 
1/0 2 C 17 


pLSl 1016 


39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 


□ I/O 1 8 

□ 1/017 

□ 1/016 
□ IN 2 


3 Y1 /RESET 

□ vcc 

□ Y2 

□ 1/015 

□ I/O 14 

□ I/O 13 

□ I/O 12 


18 19 20 21 22 23 24 25 26 27 28 


"□ uuuuuuuuuu 

rO'tlfilDNQr-ffltDOr- 

Q O O O O ? 


0 


?§§o 


Package Diagram 


44-Pln PLCC 


0.042 

0.048 


Dimensions in inches MIN./MAX. 


x 45° 


i nnnn a nnnnn 


0.050 

BSC 


Top View 


UUUUUUUUUU'U 

0.650 


0.656 

0.685 


0.695 


0.020 

Minimum 

r 


0.180 
Seating Plane — 
Coplanarity not 
to exceed 0.004 
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Specifications pLS1 1016 


Part Number Description 


pLSI 1016 - XX 
Device Family — — f T 


Device Number — 

Speed 

90 = 90 MHz fmax 
80 = 80 MHz fmax 
60 = 60 MHz fmax 


X 


X 

T_ 


- Grade 

Blank = Commercial 
I = Industrial 

- Package 

J = PLCC 

- Power 

L = Low 



Ordering Information 


COMMERCIAL 



INDUSTRIAL 
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pLSI 1024 

programmable Large Scale Integration 
High-Density Programmable Logic 




PROGRAMMABLE HIGH-DENSITY LOGIC 

— Member of Lattice’s pLSI Family 

— High-Speed Global Interconnects 

— 48 I/O Pins, Six Dedicated Inputs 
— 144 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 
HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 80 MHz Maximum Operating Frequency 

— tpd = 15 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

pLSI/ispLSI™ DEVELOPMENT SYSTEM (pDS™) 
pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
— Automatic Place and Route 
— Static Timing Table 
pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



Description 


The Lattice pLSI 1024 is a High-Density Programmable 
Logic Device which contains 144 Registers, 48 Universal 
I/O pins, six Dedicated Input pins, four Dedicated Clock 
Input pins and a Global Routing Pool (GRP). The GRP 
provides complete interconnectivity between all of these 
elements. 

The basic unit of logic on the pLSI 1024 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, 
A1 ..C7, (see figure 1 ). There are a total of 24 GLBs in the 
pLSI 1024 device. Each GLB has 18 inputs, a program- 
mable AND/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated pins. All of 
the GLB outputs are brought back into the GRP so that they 
can be connected to the inputs of any other GLB on the 
device. 





Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 


LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. c _. rkf _. r ^ QQO D _ w n 
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Specifications pLSI 1024 


Functional Block Diagram 



The device also has 48 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional I/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
mA or sink 8 mA. 

Eight GLBs, 16 I/O cells, two dedicated inputs and one 
ORP are connected together to make a Megablock (see 
figure 1). The outputs of the eight GLBs are connected to 
a set of 16 universal I/O cells by the ORP. The I/O cells 
within the Megablock also shares a common Output En- 
able (OE) signal. The pLS1 1024 device contains three of 
these Megablocks. 


The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the pLSI 1024 device are selected using the 
Clock Distribution Network. Four dedicated clock pins 
(Y0, Y1, Y2 and Y3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK1, CLK 2, 
IOCLK 0 and IOCLK 1 ) are provided to route clocks to the 
GLBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GLB (B4 on the pLSI 
1024 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Specifications pLS1 1024 


Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1.0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the "Absolute Maximum 
Ratings" may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 



DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

Vcc 

Supply Voltage 

Commercial T A = 0°Cto+70°C 

4.75 

5.25 

V 

Industrial T A = -40°C to +85°C 

4.5 

5.5 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1 .0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated Input Capacitance 

8 

Pf 

Vco=5.0V, V in =2.0V 

c 2 

I/O and Clock Capacitance 

10 

Pf 

V CC =5.0V, V„ 0 , V y =2.0V 


1 . Guaranteed but not 100% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

100 

CYCLES 
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Specifications pLS1 1024 


Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

£ 3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


470Q 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V 0L + 0.5V 

4700 

3900 

5pF 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


*C L includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP.3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l 0L =8 mA 

- 

- 

0.4 

V 

VOH 

Output High Voltage 

I 0 h =-4 mA 

2.4 

- 

- 

V 

IlL 

Input or I/O Low Leakage Current 

0V^V IN ^V 1L (MAX.) 

- 

- 

-10 

M-A 

IlH 

Input or I/O High Leakage Current 

> 8 

VI 

z 

> 

VI 

i 

> 

- 

- 

10 

pA 

IlL-PU 

I/O Active Pull-Up Current 

0ViV IN SV IL 

- 

- 

-150 

pA 

losi 

Output Short Circuit Current 

V C c = 5V, V 0UT 

-60 

- 

-200 

mA 

ICC2 

Operating Power Supply Current 

V IL = 0.5V, V, H - 3.0V 

^TOGGLE = 20 MHZ 

Commercial 

- 

130 

190 

mA 

Industrial 

- 

130 

215 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using six 16-bit counters. 

3. Typical values are at V cc * 5V and T A = 25°C. 
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Specifications pLS1 1024 
Commercial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 
CONO. 

£ 

DESCRIPTION 1 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

15 

- 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

20 

- 

25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

80 

- 

60 

- 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback (t»u 2 Ttcoi) 

50 

- 

38 

- 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

100 

- 

83 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

7 

- 

9 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

10 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

m 

- 

KB 

- 


tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

■a 

- 

KB 


th2 

- 

m 

GLB Reg. Hold Time after Clock 

0 

- 

0 

- 


trl 

1 

m 

Ext. Reset Pin to Output Delay 

- 

KB 

- 

22.5 


trwl 

- 

EH 

Ext. Reset Pulse Duration 

m 

- 

13 

- 


ten 


EE! 

Input to Output Enable 

- 

IB 

- 

24 

ns 

tdis 

3 

m 

Input to Output Disable 

- 

IB 

- 

m 

ns 

twh 

- 

KB 

Ext. Sync. Clock Pulse Duration, High 

5 

- 

6 

- 


twl 

- 

17 

Ext. Sync. Clock Pulse Duration, Low 

5 

- 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 

2 

- 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 

6.5 

- 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 
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Specifications pLS1 1024 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

- 

2.0 

- 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 

- 

3.0 

- 

4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

5.5 

- 

7.3 

- 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

1.0 

- 

1.3 

- 

ns 

tioco 

24 

I/O Register Clock to Out Delay 

- 

3.0 

- 

4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 

- 

2.5 

- 

3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 

4.0 

- 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

1.5 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.0 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

3.0 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

3.8 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

4.5 

- 

6.0 

ns 

tgrp24 

32 

GRP Delay, 24 GLB Loads 

- 

6.3 

- 

8.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass Path Delay 

- 

6.5 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay 

- 

7.0 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XOR Path Delay 

- 

8.0 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent Path Delay 3 

- 

9.5 

- 

12.7 

ns 

tgbp 

37 

GLB Register Bypass Delay 

- 

1.0 

- 

1.3 

ns 

tgsu 

38 

GLB Register Setup Time before Clock 

1.0 

- 

1.3 

- 

ns 

tgh 

39 

GLB Register Hold Time after Clock 

4.5 

- 

6.0 

- 

ns 

tgco 

40 

GLB Register Clock to Output Delay 

- 

2.0 

- 

2.7 


tgr 

41 

GLB Register Reset to Output Delay 

- 

2.5 

- 

3.3 


tptre 

42 

GLB Product Term Reset to Register Delay 

- 

10.0 

- 

13.3 

n 

tptoe 

43 

GLB Product Term Output Enable to I/O Cell Delay 

- 

9.0 

- 

12.0 

1 

tptck 

44 

GLB Product Term Clock Delay 

3.5 

7.5 

4.6 

9.9 

1 

ORP 

torp 

45 

ORP Delay 

- 

2.5 

— 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.5 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1024 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

- 

3.0 

- 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

5.0 

- 

6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

5.0 

- 

6.7 

ns 

Clocks 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

4.5 

4.5 

6.0 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

9.0 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-60 

UNITS 

MIN, 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

1 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

v.60 

%?•••> 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback ( tsu2 ! teo i) 

3|"J 


MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

N&t'' 

* - 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

H' 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

ns 

trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

22.5 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

24 

ns 

tdis 

3 

15 

Input to Output Disable 

- 

24 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulso,%^)b%,jHigh \ 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock PutSe £Hi.rati6K^W^ 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time bofore E^t. $y.rl6. Clock (Y2, Y3) 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Jlme after fext. Syric. Clock (Y2, Y3) 

8.5 

- 

ns 


1 . Unless noted otherwise, all paramete%>use aQRP load d§4GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this datasheet fdr further deCails. 

3. Standard 16-Bit loadable co u n terirslng^ R Pf eedfc&ck: 

4. fmax (Toggle) may be less tbin ; (l/(ph ; ,+ tyirl), This, is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test;Conditions Sectipn: : :!;;: : -‘’ 
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Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 


2.7 

ns 

tiolat 

21 

I/O Latch Delay X,, v ..j 

- ’ 

%4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock \ 

tX 


ns 

tioh 

23 

I/O Register Hold Time after Clock 


/- 

ns 

tioco 

24 

I/O Register Clock to Out Delay 


4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay \ X : 1 

i. 

3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 


- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 


- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads J 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

tgrp24 

32 

GRP Delay, 24 GLB Loads 

- 

8.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass.Path Delay 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path b^lay 

- 

9.3 

ns 

o 

ft 

o 

£1 

35 

20 Product Terrp/5(C)R Path Delay / 

- 

10.6 

ns 

txoradj 

36 

XOR AdjacegiPajth Delay 3 f 

- 

12.7 

ns 

tgbp 

37 

GLB Rej^lef^pa^Dela^X-- 

- 

1.3 

ns 

tgsu 

38 

GLB, Register Settip :: Tijrhe : 4efore Clock 

1.3 

- 

ns 

tgh 

39 

Qi|;"iR6gjste^Jfd^h3M© after Clock 

6.0 

- 

ns 

tgco 

40,- 

;.GLB Register Cloe#; to Output Delay 

- 

2.7 

ns 

tgr 

,4i 

■^jife^ei^i^^eset to Output Delay 

- 

3.3 

ns 

tptre 


... GLB PrpduOt Term Reset to Register Delay 

- 

13.3 

ns 

tptoe 

W 

6LB product Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptcfe : 

J:44 

gM Product Term Clock Delay 

4.6 

9.9 

ns 

ORP X'X 

torp 

Us 

ORP Delay 

- 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

1 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 


\6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 


:• 6> :: ‘ 

ns 

Clocks 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) \ 

;-e;6 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line f 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock L 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference otfly.'C, 

2. Refer to Timing Model in this data sheet for further details. 
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pLS1 1024 Timing Model 


I/O Cell 

m/Sm 


Feedback 



Derivations of tsu, th and tco from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

5.5 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (2.0 + 2.0 + 3.5) 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40) + (#45 + #47) 

19.0 ns = (2.0+ 2.0 +7.5) + (2.0) + (2.5 + 3.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (3.0 + 2.0+1 .0) 

th = Clock (max) + Reg h - Logic 

= (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

2.5 ns = (3.0 + 2.0 + 5.0) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

- (#50 + #40 + #52) + (#40) + (#45 + #47) 

1 7.5 ns = (3.0 + 2.0 + 5.0) + (2.0) + (2.5 + 3.0) 


1 . Calculations are based upon timing specs for the pLS1 1 024-80. 
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Specifications pLS1 1024 


Figure 3. Typical Device Power Consumption vs fmax 



Notes: Configuration of Six 1 6-bit Counters 
Typical Current at 5V, 25°C 


Figure 4. Maximum GRP Delay vs GLB Loads 
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Pin Description 


Name 

PLCC Pin Numbers 

Description 

I/O 0-1/0 3 

22, 

23, 

24, 

25, 

Input/Output Pins -These are the general purpose I/O pins used by the 

1/0 4-1/0 7 

26, 

27, 

28, 

29, 

logic array. 

I/O 8-1/0 1 1 

30, 

31, 

32, 

33, 


1/012-1/015 

37, 

38, 

39, 

40, 


I/O 16 - I/O 19 

41, 

42, 

43, 

44, 


I/O 20 - I/O 23 

45, 

46, 

47, 

48, 


I/O 24 - I/O 27 

56, 

57, 

58, 

59, 


I/O 28 - I/O 31 

60, 

61, 

62, 

63, 


I/O 32 - I/O 35 

64, 

65, 

66, 

67, 


I/O 36 - I/O 39 

3, 

4, 

5, 

6, 


I/O 40 - I/O 43 

7, 

8, 

9, 

10, 


I/O 44 - I/O 47 

11, 

12, 

13, 

14 


IN 0- IN 3 

21, 

34, 

49, 

55, 

Dedicated input pins to the device. 

IN 4 - IN 5 

2, 

15 



RESET 

20 




Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

16 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 

54 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 

Y2 

51 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 






any I/O cell on the device. 

Y3 

50 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 
device. 

NC 

19 




This pin should be left floating or tied to V cc . 

This pin should never be tied to GND. 

GND 

1, 

18, 

35, 

52 

Ground (GND) 

Vcc 

17, 

36, 

53, 

68 

Vcc 

l 
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Specifications pLSI 1024 




Part Number Description 


Device Family 


Device Number — 

Speed 

80 = 80 MHz fmax 
60 = 60 MHz fmax 


Ordering Information 


pLSI 1024 -XX 


XXX 



Grade 

Blank = Commercial 
I = Industrial 
Package 
J = PLCC 
Power 
L = Low 


COMMERCIAL 



tpd (ns) 

Ordering Number 

Package 

80 

15 

pLSI 1024-80LJ 

68-Pin PLCC 

60 

20 

pLS1 1 024-60LJ 

68-Pin PLCC 


INDUSTRIAL 


3 
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pLSr 1032 

programmable Large Scale Integration 
High-Density Programmable Logic 




Features 

I 

Functional Block Diagram 


• PROGRAMMABLE HIGH-DENSITY LOGIC 

— Member of Lattice’s pLSI Family 

— High-Speed Global Interconnects 

— 64 I/O Pins, Eight Dedicated Inputs 
— 192 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Fast Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 80 MHz Maximum Operating Frequency 

— tpd = 15 ns Propagation Delay 

— Low Power Consumption 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI™ DEVELOPMENT SYSTEM (pDS™) 

pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
— Automatic Place and Route 
— Static Timing Table 
pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



Description 


The Lattice pLSI 1032 is a High-Density Programmable 
Logic Device which contains 192 Registers, 64 Universal 
I/O pins, eight Dedicated Input pins, four Dedicated Clock 
Input pins, four Output Routing Pools and a Global Routing 
Pool (GRP). The GRP provides complete interconnectivity 
between all of these elements. 

The basic unit of logic on the pLSI 1032 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, 
A1 ..D7, (see figure 1). There are a total of 32 GLBs in the 
pLSI 1032 device. Each GLB has 18 inputs, a program- 
mable AND/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. 

Tel. (503)681-0118; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) September 1992 Rev. C 
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Specifications pLSI 1032 


Functional Block Diagram 


Figure 1. pLS1 1032 Functional Block Diagram 


I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O IN IN 

63 62 61 60 59 58 67 56 55 54 53 52 51 50 49 48 7 6 



IN 5 
IN 4 

1/0 47 
1/0 46 
1/0 45 
1/0 44 

1/0 43 
1/0 42 
1/0 41 
1/0 40 

1/0 39 
1/0 38 
1/0 37 
1/0 36 

1/0 35 
1/0 34 
1/0 33 
1/0 32 


The device also has 64 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional I/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
mA or sink 8 mA. 

Eight GLBs, 16 I/O cells, two dedicated inputs and one 
ORP are connected together to make a Megablock (see 
figure 1 ). The outputs of the eight GLBs are connected to 
a set of 16 universal I/O cells by the ORP. The I/O cells 
within the Megablock also shares a common Output En- 
able (OE) signal. The pLS1 1032 device contains four of 
these Megablocks. 


The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the pLSI 1032 device are selected using the 
Clock Distribution Network. Four dedicated clock pins 
(YO, Y1 , Y2 and Y3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK1 , CLK 2, 
IOCLK 0 and IOCLK 1 ) are provided to route clocks to the 
GLBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GLB (CO on the pLSI 
1032 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Specifications pLS1 1032 


Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 



DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 


Supply Voltage 

Commercial T A = 0°Cto+70°C 

4.75 

5.25 

V 

Industrial T A = -40°C to +85° C 

4.5 

5.5 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated Input Capacitance 

8 

Pf 

V CC =5.0V, V IN =2.0V 

c 2 

I/O and Clock Capacitance 

10 

Pf 

V oc =5.0V, V uo , V y =2.0V 


1 . Guaranteed but not 1 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

100 

CYCLES 
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Specifications pLS1 1032 


Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

< 3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
3tV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V 0L + 0.5V 

4700 

3900 

5pF 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


*C[_ includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l 0L =8 mA 

- 


0.4 

V 

VOH 

Output High Voltage 

Ion =-4 mA 

2.4 

- 

- 

V 

IlL 

Input or I/O Low Leakage Current 

0 V<V IN <V IL (MAX.) 

- 


-10 

pA 

IlH 

Input or I/O High Leakage Current 

> 8 

VI 

z 

> 

VI 

X 

> 

- 


10 

pA 

IlL-PU 

I/O Active Pull-Up Current 

0V<V 1N <V IL 

- 

- 

-150 

HA 

los' 

Output Short Circuit Current 

V cc = 5V,V out 

-60 


-200 

mA 

ICC2 

Operating Power Supply Current 

V 1L ■ 0.5V, V, H = 3.0V 

^TOGGLE = 20 MHZ 

Commercial 

- 

135 

195 

mA 

Industrial 

- 

135 

220 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using eight 1 6-bit counters. 

3. Typical values are at V cc - 5V and T A = 25°C. 
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Specifications pLS1 1032 
Commercial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

15 

- 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

20 

- 

25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

80 

- 

60 

- 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback ( tsu2 Vicoi) 

50 

- 

38 

- 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

100 

- 

83 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

7 

- 

9 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

10 

- 

13 

ns 

thi 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

0 

- 

ns 

tsu2 

- 

□ 

GLB Reg. Setup Time before Clock 

E3 

- 

o 

- 

ns 

tco2 

- 

KB 

GLB Reg. Clock to Output Delay 

- 

12 

- 

na 

■a 

th2 

- 

D 

GLB Reg. Hold Time after Clock 

0 

- 

0 

- 

ns 

rmm 

Bfl 

m 

Ext. Reset Pin to Output Delay 

- 

B 

- 


ns 


- 

m 

Ext. Reset Pulse Duration 

E3 

- 

mm 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

m 

- 

ra 

ns 

tdis 



Input to Output Disable 

- 

18 

- 

m 

ns 

twh 

- 

m 

Ext. Sync. Clock Pulse Duration, High 

B 

- 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pulse Duration, Low 

5 

di 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 

2 

d 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) j 

6.5 

■ 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 
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Specifications pLS1 1032 
Commercial 


Internal Timing Parameters 1 


# 2 DESCRIPTION 



20 I/O Register Bypass 

21 I/O Latch Delay 

22 I/O Register Setup Time before Clock 

23 I/O Register Hold Time after Clock 

24 I/O Register Clock to Out Delay 

25 I/O Register Reset to Out Delay 


Dedicated Input Delay 


GRP Delay, 1 GLB Load 
GRP Delay, 4 GLB Loads 
GRP Delay, 8 GLB Loads 
GRP Delay, 12 GLB Loads 
GRP Delay, 16 GLB Loads 


GRP Delay, 32 GLB Loads 


4 Product Term Bypass Path Delay 


1 Product Term/XOR Path Delay 


20 Product Term/XOR Path Delay 


XOR Adjacent Path Delay 3 


GLB Register Bypass Delay 


GLB Register Setup Time before Clock 


GLB Register Hold Time after Clock 

GLB Register Clock to Output Delay 


GLB Register Reset to Output Delay 

GLB Product Term Reset to Register Delay 


GLB Product Term Output Enable to I/O Cell Delay 
GLB Product Term Clock Delay 


MIN. MAX. MIN 


1^2 

1 | 


2.7 

ns 

4.0 

ns 

- 

ns 

- 

ns 

4.0 

ns 

3.3 

ns 

\m 






ORP Delay 


46 I ORP Bypass Delay 


ns 


0.7 I ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1032 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

- 

3.0 


4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

5.0 


6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

5.0 


6.7 

ns 

Clocks 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

4.5 

4.5 

6.0 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 


1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

CO 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

9.0 

- 

12.0 1 ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLS1 1032 
Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

* 

DESCRIPTION 1 

-60 

UNITS 

min;; 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

\ 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 


60, 

V;> 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback fasTtcoi) 


.,38;.,: 


MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

8^1 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

>9 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

ns 

tn 

1 

12 

Ext. Reset Pin to Output Delay 

- 

22.5 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration \ \ 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

24 

ns 

tdis 

3 

15 

Input to Output Disable ./ 

- 

24 

ns 


- 

16 

Ext. Sync. Clock Puls^l^raiiqnfJWigh \ : v"' 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Ptijss Ddr^ion>l^W : > '' 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time before EzXt4yhc. Clock (Y2, Y3) 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold time after €;x| Sync. Clock (Y2, Y3) 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GBP load erf 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this da.ta sh.edt .for fyrthef devils. 

3. Standard 16-Bit loadable count& : t^gi3^ feedback. 

4. fmax (Toggle) may be less than to allow for a clock duty cycle of other than 50%. 

5. Reference Switching TesfGohditiohsSesSi^n./’ 
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Specifications pLS1 1032 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

XI. •: 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 


Xo> 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

7 $) 


ns 

tioh 

23 

I/O Register Hold Time after Clock 

1.3 

- 

ns 

tioco 

24 

I/O Register Clock to Out Delay "Wj 


4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay / 

- 

3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 

5.3 

ns 

GRP 


tgrpl 

27 

GRP Delay, 1 GLB Load 


- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 


- 

2.7 

ns 

lEMli 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 


30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 


31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 


32 

GRP Delay, 32 GLB Loads 

- 

10.6 

ns 

GLB 


33 

4 Product Term Bypass : Path Delay \ 

- 

8.6 

ns 


34 

1 Product Term/XOp Path Deilay 

- 

9.3 

ns 


35 

20 Product Terrfi/xbp Path f)^^/ 

- 

10.6 

ns 

KBB 

36 

XOR Adjacent Patb Delay 3 J 

- 

12.7 

ns 

tgbp 

37 

GLB Rieger. ^ 

- 

1.3 

ns 


38 

GL&Bf before Clock 

1.3 

- 


tgh 

C9 

.^tB x Begl^er''Ngj4.Jime after Clock 

6.0 

- 

| 


m 

[GDp llegistfel Qk>ck to Output Delay 

- 

m 


tgr 


GLB Register Reset to Output Delay 

- 

os 

mm 

tptre 

m 

GLB Pifdduct Term Reset to Register Delay 

- 


■ 

Em 

H 

GLB Product Term Output Enable to I/O Cell Delay 

- 

IflBI 

dsisii 


m 

GLB Product Term Clock Delay 

KX3 

E3 


ORP 

torp 

45 

ORP Delay 


3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1032 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay / ] 


4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 


"-•6Js 

ns 

todis 

49 

I/O Cell OE to Output Disabled | 



ns 

Clocks 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

;;:&o 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line / 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers \ 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLSI 1032 


pLS1 1032 Timing Model 


I/O Cell GRP GLB ORP I/O Cell 

— 1 A 1 ^ 


Feedback 



Derivations of tsu, th and too from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

5.5 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (2.0 + 2.0 + 3.5) 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40) + (#45 + #47) 

1 9.0 ns = (2.0+ 2.0 +7.5) + (2.0) + (2.5 + 3.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (3.0 + 2.0+1 .0) 

th = Clock (max) + Reg h - Logic 

= (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

2.5 ns = (3.0 + 2.0 + 5.0) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

17.5 ns = (3.0 + 2.0 + 5.0) + (2.0) + (2.5 + 3.0) 


1 . Calculations are based upon timing specs for the pLS1 1 032-80. 
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Specifications pLS1 1032 


Figure 3. Typical Device Power Consumption vs fmax 



fmax (MHz) 


Notes: Configuration of eight 16-bit Counters 
Typical Current at 5V, 25°C 


Figure 4. Maximum GRP Delay vs GLB Loads 
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Pin Description 


Name 

PLCC Pin Numbers 

Description 

I/O 0-1/0 3 

26, 

27, 

28, 

29, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

30, 

31, 

32, 

33, 

logic array. 

1/0 8-1/0 11 

34, 

35, 

36, 

37, 


1/012-1/015 

38, 

39, 

40, 

41, 


1/016-1/019 

45, 

46, 

47, 

48, 


I/O 20 - I/O 23 

49, 

50, 

51, 

52, 


I/O 24 - I/O 27 

53, 

54, 

55, 

56, 


I/O 28 - I/O 31 

57, 

58, 

59, 

60, 


I/O 32 - I/O 35 

68, 

69, 

70, 

71, 


I/O 36 - I/O 39 

72, 

73, 

74, 

75, 


I/O 40 - I/O 43 

76, 

77, 

78, 

79, 


I/O 44 - I/O 47 

80, 

81, 

82, 

83, 


I/O 48 - I/O 51 

3, 

4, 

5, 

6, 


I/O 52 - I/O 55 

7, 

8, 

9, 

10, 


I/O 56 - I/O 59 

11, 

12, 

13, 

14, 


I/O 60 - I/O 63 

15, 

16, 

17, 

18 


IN 0 - IN 3 

25, 

42, 

44, 

61 

Dedicated input pins to the device. 

IN 4 -IN 7 

67, 

84, 

2, 

19 


RESET 

24 




Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

20 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 

66 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 






device. 

Y2 

63 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 
any I/O cell on the device. 

Y3 

62 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 
device. 

NC 

23 




This pin should be left floating or tied to 

This pin should never be tied to GND. 

GND 

1, 

22, 

43, 

64 

Ground (GND) 

Vcc 

21, 

65 



Vcc 
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Pin Configuration 


pLS1 1032 PLCC Pinout Diagram 


Specifications pLS1 1032 


1/0 57 
I/O 58 
1/0 59 
1/0 60 
I/O 61 
I/O 62 
I/O 63 
IN 7 
YO 
VCC 
GND 
NC 
RESET 
INO 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
1/0 4 
1/0 5 
1/0 6 



NcooiOi-cMntWr-QwcoNooaiOT-ojn^t 

OOO rrrrrr ZZZ rrr, ’ NNW( M N 

<<<gggoog-o-googoog9Q 


I/O 38 
I/O 37 
I/O 36 
1/0 35 
1/0 34 
1/0 33 
1/0 32 
IN 4 
Y1 

VCG 
GND 
Y2 
Y3 
IN 3 
1/0 31 
1/0 30 
1/0 29 
1/0 28 
1/0 27 
1/0 26 
1/0 25 
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pLSI 1032 — XX X X 


Device Family 


Device Number - 


Speed — 

80 = 80 MHz f max 
60 = 60 MHz f max 


X 

T_ 


- Grade 

Blank = Commercial 
I = Industrial 

- Package 

J = PLCC 

- Power 

L = Low 


Ordering Information 
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Lattice 


pLSr 1048 

programmable Large Scale Integration 
High-Density Programmable Logic 




Features 

■ 

Functional Block Diagram 


• PROGRAMMABLE HIGH-DENSITY LOGIC 

— Member of Lattice’s pLSI Family 

— High-Speed Global Interconnects 

— 96 I/O Pins, Ten Dedicated Inputs 

— 288 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 70 MHz Maximum Operating Frequency 

— tpd = 18 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI™ DEVELOPMENT SYSTEM (pDS™) 

pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
— Automatic Place and Route 
— Static Timing Table 

pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 


[TiTiTil FiFFR ^ [T1T1 fTTTI UTS EH33 

I Output Routing Pool | | Output Routing Pool j 


lAQl 

HD 

HD 

[A3l 

FaH 

HU 

AT] 


mmmm 


ElEliiElElBElEa 


Global Routing Pool (GRP) 


Logic 

Array 


GLB 


lD7l 

m l 

FD5] | 

fpTI 

m 

m 

IdT] | 

FdoT 


B Film BB S 


Description 


The Lattice pLSI 1048 is a High-Density Programmable 
Logic Device which contains 288 Registers, 96 Universal 
I/O pins, ten Dedicated Input pins, four Dedicated Clock 
Input pins and a Global Routing Pool (GRP). The GRP 
provides complete interconnectivity between all of these 
elements. 

The basic unit of logic on the pLSI 1048 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, 
A1 ..F7, (see figure 1). There are a total of 48 GLBs in the 
pLSI 1048 device. Each GLB has 18 inputs, a program- 
mable AND/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 


Copyright © 1 992 Lattice Semiconductor Corp. GAL, E J CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct. f Hillsboro, Oregon 97124, U.S.A. e _ 

Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline; 1-800-LATTICE (528-8423) beptemDer 199Z. Hev. fc 
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Specifications pLSI 1048 


Functional Block Diagram 



The device also has 96 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional I/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
mA or sink 8 mA. 

Eight GLBs, 16 I/O cells, two dedicated inputs (one dedi- 
cated input in Megablock B and E) and one ORP are 
connected together to make a Megablock (see figure 1). 
The outputs of the eight GLBs are connected to a set of 1 6 
universal I/O cells by the ORP. The pLSI 1048 device 
contains six of these Megablocks. 


The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the pLSI 1048 device are selected using the 
Clock Distribution Network. Four dedicated clock pins 
(Y0, Y1, Y2 and Y3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK 1, CLK 2, 
IOCLK 0 and IOCLK 1 ) are provided to route clocks to the 
GLBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GLB (DO on the pLSI 
1048 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1. Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

Vcc 

Supply Voltage 

Commercial T A = 0°Cto+70°C 

4.75 

5.25 

D 

Industrial T A = -40°C to +85°C 

4.5 

5.5 

VlL 

Input Low Voltage 

0 

0.8 

wEm 

VlH 

Input High Voltage 

2.0 

Vcc + 1 

V 



Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated Input Capacitance 

8 

Pf 

Voo^.OV, V in =2.0V 

c 2 

I/O and Clock Capacitance 

10 

Pf 

Voe^.OV, V 1/0 , V y =2.0V 


1 . Guaranteed but not 1 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

100 

CYCLES 
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Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

< 3ns 1 0% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


470Q 

3900 

35pF 

2 

Active High 

©o 

3900 

35pF 

Active Low 

4700 

39012 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V 0L + 0.5V 

4700 

3900 

5pF 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


*C L includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

I 0 l = 8 mA 

- 

- 

0.4 

V 

VOH 

Output High Voltage 

Iqh =-4 mA 

2.4 


- 

V 

In 

Input or I/O Low Leakage Current 

0V^V IN <V 1L (MAX.) 

- 


-10 

jiA 

IlH 

Input or I/O High Leakage Current 

V|h ^ V jN ^ V cc 

- 

- 

10 

^A 

IlL-PU 

I/O Active Pull-Up Current 

0V<V 1N <V IL 

- 

- 

-150 

jiA 

losi 

Output Short Circuit Current 

Vco = 5V,V out 

-60 


-200 

mA 

ICC2 

Operating Power Supply Current 

V IL as 0.5V, V 1H = 3.0V 

^TOGGLE = 20 MHZ 

Commercial 

- 

165 

235 

mA 

Industrial 

- 

165 

260 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using twelve 1 6-bit counters. 

3. Typical values are at V cc = 5V and T A = 25°C. 


3-52 


9/92. Rev. E 












Specifications pLS1 1048 
Commercial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

i 

DESCRIPTION 1 

-70 

-50 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

18 

- 

24 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

23 

- 

30.7 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

71.4 

- 

53.6 

- 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback fagTicoi) 

41.7 

- 

31.3 

- 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

83 

- 

71.4 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

9 

- 

12 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

12 

- 

mm 

Hi 

EH 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

0 

- 


KijMJIK 

- 

9 

GLB Reg. Setup Time before Clock 

ia 

- 

16 

- 

■a 


- 

To" 

___ 

GLB Reg. Clock to Output Delay 

- 

K23 

- 

mu 

ns 


- 


GLB Reg. Hold Time after Clock 

D 


0 

- 

ns 

mmm 


m 

Ext. Reset Pin to Output Delay 

- 

IB 

- 

mu 

SEll 

iffiiMm 


m 

Ext. Reset Pulse Duration 

El 

- 

El 

- 

I 

BSHH 


EB 

Input to Output Enable 

- 

20 

- 


I 

tdis 

3 

PTs 

Input to Output Disable 

- 

20 

- 

26.7 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse Duration, High 

6 

- 

7 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pulse Duration, Low 

6 

- 

7 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 

2 

- 

2.7 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 

6.5 

- 

8.7 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 
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Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-70 

-50 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

- 

3.0 

- 

4.0 

ns 

tiolat 

21 

I/O Latch Delay 

- 

4.0 

- 

5.3 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

6.0 

- 

8.1 

- 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

0.5 

- 

0.9 

- 

ns 

tioco 

24 

I/O Register Clock to Out Delay 

- 

3.0 

- 

3.9 

ns 

tior 

25 

I/O Register Reset to Out Delay 

- 

3.5 

- 

4.6 

ns 

tdin 

26 

Dedicated Input Delay 

- 

6.0 

- 

8.0 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.5 

- 

3.3 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

3.0 

- 

4.0 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

- 

5.3 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

- 

6.7 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

- 

8.0 

ns 

tgrp48 

32 

GRP Delay, 48 GLB Loads 

- 

16.0 

- 

21.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass Path Delay 

- 

6.5 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay 

- 

7.0 

- 

9.3 

ns 



20 Product Term/XOR Path Delay 

- - 

m 

- 

^9 

99SI 



XOR Adjacent Path Delay 3 

- 

9.5 

- 

12.7 



m 

GLB Register Bypass Delay 

- 

na 

- 

1.3 


tgsu 

38 

GLB Register Setup Time before Clock 

IQ 

- 

2.0 

- 

■s 

tgh 

13*1 

GLB Register Hold Time after Clock 

1SH1 

- 

8.0 

- 

ns 

tgco 

40 

GLB Register Clock to Output Delay 

- 


- 

3.3 

ns 

tgr 

41 

GLB Register Reset to Output Delay 

- 


- 

3.3 

ns 

tptre 

42 

GLB Product Term Reset to Register Delay 

- 

10.0 

- 

13.3 

ns 

tptoe 

43 

GLB Product Term Output Enable to I/O Cell Delay 

- 


- . 

11.9 

ns 

tptck 

44 

GLB Product Term Clock Delay 

3.5 

m 

4.6 

9.9 

ns 

ORP 

torp 

45 

ORP Delay 

- 

3.5 

- 

4.7 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

1.5 

- 

2.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Internal Timing Parameters 1 


PARAMETER 

* 

DESCRIPTION 

-70 

-50 


MIN. 

£222 

MIN. 

£222 

Outputs 

tob 

47 

Output Buffer Delay 

- 

3.0 

- 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

5.0 

- 

6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

5.0 

- 

6.7 

ns 

Clocks 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

5.0 

5.0 

6.7 

6.7 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

4.0 

6.0 

5.3 

8.0 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

4.0 

6.0 

5.3 

8.0 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

8.0 

- 

10.6 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-50 

UNITS 


MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


24 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


^0.7 

ns 

ESOHHI 

1 

3 

Clock Frequency with Internal Feedback 3 

^22 

7'” 1 

MHz 


- 

4 

Clock Frequency with External Feedback ( t8u2 Vtcoi) 

m 


£H9 


- 

5 

Clock Frequency, Max Toggle 4 


- 


tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

m 

- 

UU 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

na 

ns 


- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 

KBi 



GLB Reg. Setup Time before Clock 


- 

ns 

KOI 


10 

GLB Reg. Clock to Output Delay 



ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

D 

- 

ns 

trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

22.7 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

26.7 

ns 

tdis 

3 

15 

Input to Output Disable 


- 

26.7 

ns 

twh 

- 

16 

Ext. Sync. Clock Puls3 @uratbn^lgh., V : ' 

7 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pbfsa,Du ratio n , t;Ovy :; 

7 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setyf>: ; Time betere ExtfSync. Clock (Y2, Y3) 

2.7 

- 

ns 

th5 

- 

19 

I/O Reg. Hbld tirne after; E^' ,Sync. Clock (Y2, Y3) 

8.7 

- 

ns 


1 . Unless noted otherwise, all parameters. usa,a GRf> bed of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Tinning Model in this data shee&for farther details. 

3. Standard 16-Bit loadable coyfiter; u$;jr% GRR,.fe|dback. 

4. fmax (Toggle) may be less: than J^lj^ls is to allow for a clock duty cycle of other than 60%. 

5. Reference Switching Test,i§ori : diti on s Sddtib rv 




3-56 


9/92. Rev. E 

















Specifications pLS1 1048 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-50 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

J- \ 

4.0 

ns 

tiolat 

21 

I/O Latch Delay .// 


5.3 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

8.1 

%•“>•, 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

o> 


ns 

tioco 

m 

I/O Register Clock to Out Delay : j 

: v..^ 

|^| 

ns 

tior 

25 

I/O Register Reset to Out Delay ' N J 


4.6 

ns 

tdin 

26 

Dedicated Input Delay ’/j 


8.0 

ns 


tgrpl 

27 

GRP Delay, 1 GLB Load 

- 




28 

GRP Delay, 4 GLB Loads 

- 

m 



29 

GRP Delay, 8 GLB Loads 

- 

UJ| 

m 

ftRUU 

30 

GRP Delay, 12 GLB Loads 

- 

m 


KSjlX 

31 

GRP Delay, 16 GLB Loads 

- 

BHI 


lEIBi 

32 

GRP Delay, 48 GLB Loads 

- 


B3 



33 

4 Product Term Bypass Pa}N^ite^. x< 

- 




34 

1 Product Term/XOR Patf) Delay 

- 


KM 

IP H 

35 

20 Product Term/XOR Path Delay , 





36 

XOR Adjacent gdihfbelay 3 

- 




37 

GLB Registe< : Bypass Delay f 

- 


■3 


38 

GLB Register Sfetupi Time before Clock 


m 


tgh 

39 

GLB+Registbr Npld Timb after Clock 

8.0 

- 

ns 

tgco 

40 

QLCR^jste^Clblk to Output Delay 

- 

3.3 

ns 

tgr 

41/ 

,:GLB gegisfor Reset to Output Delay 

- 

3.3 

ns 

tptre 

M 

^|,,Pr6auc|:Term Reset to Register Delay 

- 

13.3 

ns 

tptoe 


.. GLBPipdubt Term Output Enable to I/O Cell Delay 

- 

11.9 

ns 

tptck/’ 

N ;i:4f 

dkB Product Term Clock Delay 

4.6 

9.9 

ns 

ORP 

torp 

46/ 

ORP Delay 

- 

4.7 

ns 

torpbp 

•••'46 

ORP Bypass Delay 

- 

2.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1048 
Industrial 


Internal Timing Parameters 1 


PARAMETER 


DESCRIPTION 

-50 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

,4 f 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled ,/j 

;;y % % 

6.7 

ns 


49 

I/O Cell OE to Output Disabled .:£ v .. v j 


SJ5J 

ns 

Clocks 


50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


6.7 

ns 


51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 


8.0 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

5.3 

8.0 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 4 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

10.6 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLS1 1048 


pLS1 1048 Timing Model 



Derivations of tsu, th and tco from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

5.5 ns = (3.0 + 3.0 + 7.5) + (1 .5) - (3.0 + 3.0 + 3.5) 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

6.0 ns = (3.0 + 3.0 + 7.5) + (6.0) - (3.0 + 3.0 + 7.5) 

tco = Clock (max) + Reg co + Output 

= (tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40) + (#45 + #47) 

22.5 ns = (3.0 + 3.0 +7.5) + (2.5) + (3.5 + 3.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

6.5 ns = (3.0 + 3.0 + 7.5) + (1 .5) - (5.0 + 2.5+1 .0) 

th = Clock (max) + Reg h - Logic 

= (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.0 ns = (5.0 + 2.5 + 5.0) + (6.0) - (3.0 + 3.0 + 7.5) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

21 .5 ns = (5.0 + 2.5 + 5.0) + (2.5) + (3.5 + 3.0) 


1 . Calculations are based upon timing specs for the pLS1 1 048-70. 
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Specifications pLS1 1048 


Figure 3. Typical Device Power Consumption vs fmax 



Notes: Configuration of Twelve 16-bit Counters 
Typical Current at 5V, 25°C 


Figure 4. Maximum GRP Delay vs GLB Loads 
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Specifications pLS1 1048 


Pin Description 


Name 

PQFP Pin Numbers 

Description 

1/0 0-1/0 5 

20, 21, 22, 23, 24, 25, 

Input/Output Pins - These are the general purpose I/O pins used by the 

1/0 6-1/011 

26, 27, 28, 29, 30, 31, 

logic array. 

1/012-1/017 

32, 33, 34, 35, 36, 37, 


1/018-1/0 23 

38, 39, 40, 41, 42, 43, 


I/O 24 - I/O 29 

49, 50, 51, 52, 53, 54, 


I/O 30 - I/O 35 

55, 56, 57, 58, 59, 60, 


I/O 36 - I/O 41 

61, 62, 63, 64, 65, 66, 


I/O 42 - I/O 47 

67, 68, 69, 70, 71, 72, 


I/O 48 - I/O 53 

80, 81, 82, 83, 84, 85, 


I/O 54 - I/O 59 

86, 87, 88, 89, 90, 91, 


I/O 60 - I/O 65 

92, 93, 94, 95, 96, 97, 


I/O 66 - I/O 71 

98, 99,100,101,102,103, 


I/O 72 - I/O 77 

109,110,111,112,113,114, 


I/O 78 - I/O 83 

115,116,117,118,119,120, 


I/O 84 - I/O 89 

1, 2, 3, 4, 5, 6, 


I/O 90 - I/O 95 

7, 8, 9, 10, 11, 12 


IN 0- IN 5 

14, 44, - 47, 48, 73, 

Dedicated input pins to the device. (IN 2 and IN 9 not available) 

IN 6 - IN 1 1 

79,104,105, - 108, 13 


RESET 

18 

Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

14 

Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 

78 

Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 

Y2 

75 

Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 
any I/O cell on the device. 

Y3 

74 

Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 
device. 

NC 

17 

This pin should be left floating or tied to V cc . 

This pin should never be tied to GND. 

GND 

46, 76,106, 16 

Ground (GND) 

Vcc 

15, 45, 77, 107 

V C c 
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Part Number Description 


Specifications pLSI 1048 


pLSI 1048 - XX X X 


Device Family * 


Device Number 


Speed 

70 = 70 MHz fmax 
50 « 50 MHz fmax 



Grade 

Blank = Commercial 
I = Industrial 
Package 
Q = PQFP 
Power 
L = Low 



Ordering Information 


COMMERCIAL 


fmax (MHz) 


tpd (ns) 


Ordering Number 


70 


18 


pLSI 1048-70LQ 
pLSI 1 048-50 LQ 

INDUSTRIAL 


1 


50 


24 


Package 

120-Pin PQFP 
120-Pin PQFP 
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ispLSr 1016 

in-system programmable Large Scale Integration 
High-Density Programmable Logic 




Features 

■ 

Functional Block Diagram 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 

— Member of Lattice’s ispLSI Family 

— Fully Compatible with Lattice's pLSI™ Family 

— High-Speed Global Interconnects 

— 32 I/O Pins, Four Dedicated Inputs 

— 96 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— • Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— f max = 90 MHz Maximum Operating Frequency 

— tpd = 12 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly" in 
Seconds 

— Reprogram Soldered Device for Debugging 

— Non-Volatile E 2 CMOS Technology 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— - 100% Routable with High Utilization 

— Three Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI DEVELOPMENT SYSTEM (pDS™) 

pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
-—Automatic Place and Route 
— Static Timing Table 
pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



Description 


The Lattice ispLS1 1016 is a High-Density Programmable 
Logic Device featuring 5-Volt in-system programmability 
and in-system diagnostic capabilities. The device contains 
96 Registers, 32 Universal I/O pins, four Dedicated Input 
pins, three Dedicated Clock Input pins and a Global Routing 
Pool (GRP). The GRP provides complete interconnectivity 
between all of these elements. It is the first device which 
offers non-volatile "on-the-fly" reprogrammability of the 
logic, as well as the interconnects to provide truly 
reconfigurable systems. It is architecturally and 
parametrically compatible to the pLSI 1016 device, but 
multiplexes four of the dedicated input pins to control in- 
system programming. 

The basic unit of logic on the ispLSI 1016 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. B7 (see figure 1). There are a total of 16 GLBs in the 
ispLSI 1016 device. Each GLB has 18 inputs, a 
programmable AND/OR/XOR array, andfouroutputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct. Hillsboro, Oregon 97124, U.S.A. September 1992. Rev. C 

Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1 -800- LATTICE (528-8423) 
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Specifications ispLS1 1016 


Functional Block Diagram 


Figure 1. ispLSl 1016 Functional Block Diagram 



The device also has 32 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional I/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
mA or sink 8 mA. 

Eight GLBs, 16 I/O cells, two dedicated inputs and one 
ORP are connected together to make a Megablock (see 
figure 1). The outputs of the eight GLBs are connected to 
a set of 1 6 universal I/O cells by the ORP. The ispLSl 1 01 6 
device contains two of these Megablocks. 


The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the ispLSl 1016 device are selected using the 
Clock Distribution Network. Three dedicated clock pins 
(YO, Y1 and Y2) are brought into the distribution network, 
andfive clock outputs (CLK 0, CLK 1 , CLK 2, IOCLK 0 and 
IOCLK 1 ) are provided to route clocks to the GLBs and I/O 
cells. The Clock Distribution Network can also be driven 
from a special clock GLB (BO on the ispLSl 101 6 device). 
The logic of this GLB allows the user to create an internal 
clock from a combination of internal signals within the 
device. 
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Specifications ispLS1 1016 


Absolute Maximum Ratings 1 


Supply Voltage V^ -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 .0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature .-65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the "Absolute Maximum 
Ratings" may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 



DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 


Vcc 

Supply Voltage 

Commercial 

T a = 0°C to +70°C 

4.75 

5.25 

v 

Industrial 

T a = -40 °C to +85°C 

4.5 

5.5 


VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated Input Capacitance 

8 

Pf 

V CC =5.0V, V, n =2.0V 

c 2 

I/O and Clock Capacitance 

10 

P* 

V CC =5.0V, V 1/0I V y =2.0V 


1 . Guaranteed but not 1 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

1000 

CYCLES 
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Specifications ispLS1 1016 


Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

< 3ns 1 0% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5 V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
a tV O H-0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V OL + 0.5V 

470£2 

3900 

5pF 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


*Cl includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP.3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l OL =8 mA 

- 


0.4 

V 

VOH 

Output High Voltage 

Iqh =-4 mA 

2.4 

- 

- 

V 

In 

Input or I/O Low Leakage Current 

0V<V IN <V 1L (MAX.) 

- 

- 

-10 

pA 

IlH 

Input or I/O High Leakage Current 

Vih - V| N < v cc 

- 


10 

pA 

IlL-isp 

isp Input Low Leakage Current 

0V<V 1N <V IL (MAX.) 

- 


-150 

pA 

IlL-PU 

I/O Active Pull-Up Current 

0V<V IN <V 1L 

- 

- 

-150 

pA 

los 1 

Output Short Circuit Current 

Vcc = 5V,V 0UT 

-60 

- 

-200 

mA 

ICC2 

Operating Power Supply Current 

V !L = 0.5V, V IH = 3.0V 

f TOGGLE = 20 MHZ 

Commercial 

- 

100 

150 

mA 

Industrial 

- 

100 

170 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using four 1 6-bit counters. 

3. Typical values are at V cc = 5V and T A = 25°C. 
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Commercial 




External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

CONO. 

#2 

DESCRIPTION 1 

-90 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

12 

- 

15 

- 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

17 

- 

20 

- 

25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

90.9 

- 

80 

- 

60 

- 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback ( u ^ Vtco~t) 

58.8 

- 

50 

- 

38 

- 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

125 

- 

100 

- 

83 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

6 

- 

7 

- 

9 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

8 

- 

10 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

0 

- 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

9 

- 

10 

- 

13 

- 

ns 

tco2 

- 

ED 


- 

10 

- 

12 

- 

16 

1^1 

th2 

- 

ED 

GLB Reg. Hold Time after Clock 

0 

- 

0 

- 

0 

- 

1^1 


1 

ED 

Ext. Reset Pin to Output Delay 

- 

■a 

- 

17 

- 




- 

ED 

Ext. Reset Pulse Duration 

El 

- 

El 

- 

El 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

E3 

- 

El 

- 

El 

ns 

tdis 


15 

Input to Output Disable 

- 

15 

- 

El 

- 

El 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse Duration, High 

4 

- 

5 

- 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pulse Duration, Low 

4 

- 

5 

- 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time before Ext. Sync. Clock (Y1 , Y2) 

2 

- 

2 

- 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time after Ext. Sync. Clock (Y1, Y2) 

6.5 

- 

6.5 

- 

8.5 

- 

ns 



1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 
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Specifications ispLS1 1016 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-90 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

- 

1.0 

- 

m 

- 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 

- 

2.0 

- 

EQ 

- 

4.0 

ns 

tiosu 


I/O Register Setup Time before Clock 

m 

- 


- 

7.3 

- 

ns 

tioh 

23 

I/O Register Hold Time after Clock 


- 

IS 

- 

1.3 

- 

ns 

tioco 

m 

I/O Register Clock to Out Delay 

- 


- 

ES 

- 

4.0 

ns 

tior 

m 

I/O Register Reset to Out Delay 

- 

m 

- 

m 

- 

3.3 

ns 

tdin 


Dedicated Input Delay 

- 


- 

mn 

- 

5.3 

ns 

GRP 


27 

GRP Delay, 1 GLB Load 

- 

m 

- 

IS 

- 

2.0 

ns 

EBH 

28 

GRP Delay, 4 GLB Loads 

- 

1.0 

- 

ES 

- 

2.7 

ns 

ISHI 

29 

GRP Delay, 8 GLB Loads 

- 

1.8 

- 

ES 

- 

« 

jjf 


IcBl 

GRP Delay, 12 GLB Loads 

- 


- 

ES 

- 

mi 



m 

GRP Delay, 16 GLB Loads 

- 


- 

S3 

- 

mi 


GLB 



4 Product Term Bypass Path Delay 

- 


- 

IS 

- 

ES 


OSH 

m 

1 Product Term/XOR Path Delay 

- 

m 

- 

m 

- 


ns 



20 Product Term/XOR Path Delay 

- 

ES 

- 

EH 

- 

ES 

ns 

ism 


XOR Adjacent Path Delay 3 

- 


- 


- 

HU 

ns 

tgbp 

37 

GLB Register Bypass Delay 

- 

Eli 

- 


- 

IS 

ns 

tgsu 

38 

GLB Register Setup Time before Clock 

na 

- 

IS 

- 

IS 

- 

ns 

tgh 

39 

GLB Register Hold Time after Clock 

EH 

- 

ES 

- 


- 

ns 


40 

GLB Register Clock to Output Delay 

- 

IS 

- 

2.0 

- 

m 

ns 

tgr 

41 

GLB Register Reset to Output Delay 

- 

2.5 

- 

2.5 

- 

3.3 

ns 

tptre 

42 

GLB Product Term Reset to Register Delay 

- 

10.0 

- 

10.0 

- 

13.3 

ns 

tptoe 

43 

GLB Product Term Output Enable to I/O Cell Delay 

- 

9.0 

- 

9.0 

- 

12.0 

ns 

tptck 

44 

GLB Product Term Clock Delay 

3.5 

7.5 

3.5 

7.5 

4.6 

9.9 

ns 

ORP 

torp 

45 

ORP Delay 

- 

2.5 

- 

2.5 

- 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.5 

- 

0.5 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1016 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-90 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

- 

2.5 

- 

3.0 

- 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

4.0 

- 

5.0 

- 

6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

4.0 

- 

5.0 


6.7 

ns 

Clocks 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

3.5 

3.5 

4.5 

4.5 

6.0 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

2.5 

4.5 

3.5 

5.5 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 

5.0 

1.0 

5.0 

1.3 

6.6 

ns 

tioyl/2 

53 

Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 

2.5 

4.5 

3.5 

5.5 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

1.0 

5.0 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

7.5 

- 

9.0 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLS1 1016 
Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

#2 

DESCRIPTION 1 

-60 

UNITS 

MIN) 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

;y 1 1 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

: --4. \ 

25 

ns 

fmax 

1 

El 

Clock Frequency with Internal Feedback 3 



MHz 


- 

□ 

Clock Frequency with External Feedback (^^-; tc - 01 ) 

... 

m 


fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

W 

- 


tsul 

- 

□ 

GLB Reg. Setup Time before Clock, 4PT bypass 

r-9 

- 

ns 

tool 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

um 


- 

9 

GLB Reg. Setup Time before Clock C.^. 


- 

mn 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 


- 

16 

um 

uSHHH 

- 

m 

GLB Reg. Hold Time after Clock - 


0 

- 

uu 


1 

KB 

Ext. Reset Pin to Output Delay 

- 

nu 

I 


- 

m 

Ext. Reset Pulse Duration 

13 

- 


ten 

2 

14 

Input to Output Enable 

- 

m 

Hiiu 

tdis 


KB 

Input to Output Disable 


m 


twh 

- 


Ext. Sync. Clock Puls^drirti^H^h \C/ 

6 

- 

ns 


- 

KB 

Ext. Sync. Clock P.uiis.e Dbcatioft^QW-J^'’ 

6 

- 

ns 


- 

18 

I/O Reg. Setup Time bdfqre Ext. ;: l|ync. Clock (Y1, Y2) 

m 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time after£k Syfic. Clock (Y1, Y2) 

8.5 

- 

ns 


1 . Unless noted otherwise, all paramete;rs (is|e a GJ3P load oJ:4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further detail. 

3. Standard 16- Bit loadable coupte.r ^ 

4. fmax (Toggle) may be less,thanT : /(tyvh t tiiyf^.This is to allow for a clock duty cycle of other than 60%. 

5. Reference Switching Test^i/Onditidhs Se<5ti^n.y 
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Specifications ispLS1 1016 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 


2.7 

ns 

tiolat 

21 

I/O Latch Delay 

‘•‘-X. 1 

:,4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

'T3, 


ns 

tioh 

23 

I/O Register Hold Time after Clock 



ns 

tioco 

24 

I/O Register Clock to Out Delay 

-/ 

4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 


3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 

5.3 

ns 

GRP \X>X 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

GLB 


33 

4 Product Term Bypass PathDelay-. 

- 

8.6 

ns | 


m 

1 Product Term/XOR Path D%y \ 

- 


3 


9 

20 Product Term/XOR NitfeDelay, 

- 

03 

3291 


19 

XOR Adjacent Path -Delay 3 

- 

i'tuni 

■ 

tgbp 

37 

GLB Reg ister Bypass Delay \ *%/" 

- 


19 


38 

GLB Register Sotujpjima^lprie Clock 

1.3 

- 

991 

tgh 

El 

GLB Regist^r Hold -Tirrie after Clock 



991 


m 

GL6: RegistIf;:;Glcic| tqXSutput Delay 

- 

m 

1991 

tgr 

41 , 

•&LB Register FMetto Output Delay 

- 

3.3 

991 

tptre 

a£ 

: :GUB FWl^Term Reset to Register Delay 

- 

13.3 

£1119 

tptoe 


GL : § Product Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptck 

::,44| 

Gl_B Product Term Clock Delay 

4.6 

9.9 

ns 

ORP \?/- 

torp 

w. 

: ORP Delay 

- 

3.3 

ns 

torpbp 

,46 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1016 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

* 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 


tob 

47 

Output Buffer Delay 


1 

KQ 


toen 

m 

I/O Cell OE to Output Enabled 


IP 

ns 

todis 

49 

I/O Cell OE to Output Disabled 



ns 

Clocks VJ,, X 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


6.0 

ns 


51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioyl/2 

53 

Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLS1 1016 


ispLS1 1016 Timing Model 


I/O Cell GRP 


ORP 


I/OJOqII 


Feedback 



Derivations of tsu, th and too from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

8.0 ns = (1 .0 + 1 .0 + 8.0) + (3.5) - (1 .0 + 1 .0 + 3.5) 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

2.5 ns = (1 .0 + 1 .0 + 7.5) + (3.0) - (1 .0 + 1 .0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40) + (#45 + #47) 

16.0 ns = (1.0+ 1.0 +7.5) + (2.0) + (2.5 + 2.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu * Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns ■ (1 .0 + 1 .0 + 8.0) + (3.5) - (3.5 + 2.0 + 1 .0) 

th = Clock (max) + Reg h - Logic 

= (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

3.5 ns = (3.5 + 2.0 + 5.0) + (3.0) -(1.0 +1.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

1 7.0 ns = (3.5 + 2.0 + 5.0) + (2.0) + (2.5 + 2.0) 

1 . Calculations are based upon timing specs for the ispLS1 1 01 6-90. 
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In-System Programmability 


The ispLSI devices are the in-system programmable ver- 
sion of the Lattice High-Density programmable Large 
Scale Integration (pLSI) devices. By integrating all the high 
voltage programming circuitry on-chip, the programming 
can be accomplished by simply shifting data into the 
device. Once the function is programmed, the non-volatile 
E 2 CMOS cells will not lose the pattern even when the 
power is turned off. 


Specifications ispLS1 1016 


All necessary programming is done via five TTL level logic 
interface signals. These five signals are fed into the on-chip 
programming circuitry where a state machine con trols th e 
programming. The interface signals are isp Enable (ispEN), 
Serial Data In (SDI), Serial Data Out (SDO), Serial Clock 
(SCLK) and Mode (MODE) control. Figure 5 illustrates the 
block diagram of one possible scheme for programming 
the ispLSI devices. For details on the operation of the 
internal state machine and programming of the device 
please refer to the in-system programming section in this 
pLSI and ispLSI Data Book Supplement. 
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Lattice 


Specifications ispLS1 1016 


Programming Voltage/Timing Specifications 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

Vccp 

Programming Voltage 

Commercial 

4.75 

5 

5.25 

V 

Industrial 

4.5 

5 

5.5 

Iccp 

Programming Supply Current 

ispEN = Low 

- 

50 

100 

mA 

VlHP 

Input Voltage High 


2.0 

- 

Vccp 

V 

VlLP 

Input Voltage Low 


0 

- 

0.8 

V 

IIP 

Input Current 


- 

100 

200 

pA 

VOHP 

Output Voltage High 

1 oh = -3.2 mA 

2.4 

- 

Vccp 

V 

VOLP 

Output Voltage Low 

Iql — 5 mA 

0 

- 

0.5 

V 

tr, tf 

Input Rise and Fall 


- 

- 

0.1 

ps 

tisp 

ispEN to Output 3-State 


- 

2 

10 

M'S 

tsu 

Setup Time 


0.1 

0.5 

- 

ps 

tco 

Clock to Output 


0.1 

0.5 

- 

ps 

th 

Hold Time 


0.1 

0.5 

- 

ps 

tclkh, tclkl 

Clock Pulse Width, High and Low 


0.5 

1 

- 

ps 

tpwv 

Verify Pulse Width 


20 

30 

- 

ps 

tpwp 

Programming Pulse Width 


40 

- 

100 

ms 

tbew 

Bulk Erase Pulse Width 


200 

- 

- 

ms 

trst 

Reset Time From Valid Vccp 


45 

- 

- 

ps 
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Specifications ispLS1 1016 


Figure 6. Timing Waveforms for In-System Programming 


VCCP 


tret I 


U Trout /// ispLSI Pins are 3-Stated During Programming /////fff N y 


Input 

Unused 


ass 


HI - Z 



SCLK 


7ZZ^- ^ZZZZZZZZZZZZZZZZZZZZZZX3K^. 

VlL VOL 


Figure 7. Program, Verify & Bulk Erase Waveforms 
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Specifications ispLS1 1016 


Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI Architec- 
forthe ispLS1 1016. Foradetailed explanation refertothe tural Description section of this Data Book Supplement. 

Figure 8. ispLSI Device & Shift Register Layout 


Data In 
(SDI) 


D 

A 

T 

A 


D 

A 

T 

A 



— ► 

79... 

High Order Shift Register 

...0 



— ► 

159... 

Low Order Shift Register 

...80 

-J 


-►SDO 

SDI 


E^CMOS Cell Array 


95 


SDO 


Note: A logic "1 " in the Address Shift Register bit position enables the row for programming or verification. 
A logic "0" disables it. 
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Pin Description 


Name 

PLCC Pin Numbers 

Description 

I/O 0-1/0 3 

15, 

16, 

17, 

18, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

19, 

20, 

21, 

22, 

logic array. 

I/O 8-1/011 

25, 

26, 

27, 

28, 


1/012-1/0 15 

29, 

30, 

31, 

32, 


1/0 16-1/0 19 

37, 

38, 

39, 

40, 


I/O 20 - I/O 23 

41, 

42, 

43, 

44, 


1/0 24- 1/0 27 

3, 

4, 

5, 

6, 


I/O 28 - I/O 31 

7, 

8, 

9, 

10 


IN 3 

2 

Dedicated input pins to the device. 

ispEN 

13 




Input - Dedicated in-system programming enable input pin. This pin 
is brought low to enable the programming mode. The MODE, SDI, 
SDO and SCLK options become active. 

SDI/IN 0 

14 




1 nput - This Din performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 






pin to load programming data into the device. SDI/IN 0 also is used as 
one of the two control pins for the isp state machine. 

MODE/IN 2 

36 




1 nput - This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as a pin to 






control the operation of the isp state machine. 

S DO/IN 1 

24 




Input/Output - This pin performs two functions. It is a dedicated clock 
input pin when ispEN is logic high. When ispEN is logic low, it functions 
as an output pin to read serial shift register data. 

SCLK/Y2 

33 




Input - This pin performs two functions. It is a dedicated clock input 
when ispEN is logic high. This clock input is brought into the Clock 
Distribution Network, and can optionally be routed to any GLB and/or 

I/O cell on the device. When ispEN is logic low, it functions as a clock 






pin for the Serial Shift Register. 

YO 

11 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 /RESET 

35 




This pin performs two functions: 






- Dedicated clock input. This clock input is brought into the Clock 






Distribution Network, and can optionally be routed to any GLB 
and/or I/O cell on the device. 






- Active Low (0) Reset pin which resets all of the GLB and I/O 






registers in the device. 

GND 

1, 

23 



Ground (GND) 

Vcc 

12, 

34 



Vcc 
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Specifications ispLS1 1016 


Pin Configuration 


ispLS1 1016 PLCC Pinout Diagram 


N (D «5 
CM CVI CM CM 


Q CM CM CM CM 


QSQQznQQQQQ 


Package Diagram 


/ 

r 6 5 4 3 

2 1 

44 43 42 41 40 



7 




39 

□ 1/018 

8 




38 

Dl/017 

9 




37 

3 1/016 

10 




36 

3 MODE/IN 2 

11 




35 

□ Y1 /RESET 

12 

ispLSI 

1016 

34 

3 vcc 

13 




33 

3 SCLK/Y2 

14 




32 

3 I/O 15 

15 




31 

3 1/014 

16 




30 

3 1/013 

17 




29 

3 I/O 12 


18 19 20 21 

22 23 

24 25 26 27 28 




eo^iocDr^Or-cocDOT- 

22222§i22oo 

o ^ - 

Q 

CO 


44-Pin PLCC 


Dimensions in inches MIN./MAX. 



0.020 

Minimum 

-IT 



L 0.165 

“H “0.180 

Seating Plane — 
Coplanarity not 
to exceed 0.004 


4-18 


9/92. Rev. C 







Lattice 


Specifications ispLSI 1016 


'art Number 


Description 


ispLSI 1016 - XX X X X 



80 = 80 MHz fmax 
60 = 60 MHz fmax 


Grade 

Blank = Commercial 
I = Industrial 

Package 

J = PLCC 
Power 
L = Low 



Ordering Information 


COMMERCIAL 


fmax (MHz) 


tpd (ns) 


90 

80 

60 


12 

15 


Ordering Number 

ispLSI 101 6-90 LJ 
ispLS1 101 6-80LJ 
ispLS1 101 6-60LJ 

INDUSTRIAL 


Package 

44-Pin PLCC 
44-Pin PLCC 


20 


44-Pin PLCC 
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ispLSr 1024 

in-system programmable Large Scale Integration 
High-Density Programmable Logic 




Features 

■ 

Functional Block Diagram 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 

— Member of Lattice’s ispLSi Family 

— Fully Compatible with Lattice's pLSI™ Family 

— High-Speed Global Interconnects 

— 48 I/O Pins, Six Dedicated Inputs 
— 144 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Fast Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— f max = 80 MHz Maximum Operating Frequency 

— tpd = 15 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly" in 
Seconds 

— Reprogram Soldered Device for Debugging 

— Non-Volatile E 2 CMOS Technology 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI DEVELOPMENT SYSTEM (pDS™) 

pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
— Automatic Place and Route 
— Static Timing Table 
pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



Description 


The Lattice ispLSi 1024 is a High-Density Programmable 
Logic Device featuring 5-Volt in-system programmability 
and in-system diagnostic capabilities. The device contains 
144 Registers, 48 Universal I/O pins, six Dedicated Input 
pins, four Dedicated Clock Input pins and a Global Routing 
Pool (GRP). TheGRP provides complete interconnectivity 
between all of these elements. It is the first device which 
offers non-volatile "on-the-fly" reprogrammability of the 
logic, as well as the interconnects to provide truly 
reconf igurable systems. It is architecturally and parametri- 
cally compatible to the pLS1 1024 device, but multiplexes 
four of the dedicated input pins to control in-system pro- 
gramming. 

The basic unit of logic on the ispLSi 1024 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. C7 (see figure 1). There are a total of 24 GLBs in the 
ispLSi 1024 device. Each GLB has 18 inputs, a program- 
mable AND/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSi, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct, Hillsboro, Oregon 971 24, U.S.A. September 1 992. Rev. G 

Tel. (503) 681 -0118; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) 
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Functional Block Diagram 


Figure 1. ispLS1 1024 Functional Block Diagram 



IN 5 
IN 4 

1/0 47 
1/0 46 
1/0 45 
1/044 

1/043 
1/042 
I/O 41 
1/040 

1/039 

1/038 

1/037 

1/036 

1/035 

1/034 

1/033 

1/032 


The device also has 48 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional I/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
mAor sink 8 mA. 

Eight GLBs, 16 I/O cells, two dedicated inputs and one 
ORP are connected together to make a Megablock (see 
figure 1). The outputs of the eight GLBs are connected to 
a set of 16 universal I/O cells by the ORP. The I/O cells 
within the Megablock also share a common Output Enable 
(OE) signal. The ispLSI 1024 device contains three of 
these Megablocks. 


The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the ispLS1 1024 device are selected using the 
Clock Distribution Network. Four dedicated clock pins 
(YO, Y1, Y2 and Y3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK 1, CLK 2, 
IOCLK 0 and IOCLK 1 ) are provided to route clocks to the 
GLBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GLB (B4 on the ispLSI 
1024 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Specifications ispLS1 1024 


Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to V C c +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

| 




Supply Voltage 

Commercial 

T a = 0°C to +70°C 


5.25 

v 

Industrial 

T a - -40°C to +85°C 

4.5 

5.5 



Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 


V 


Capacitance (T a = 25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c. 

Dedicated Input Capacitance 

8 

Pf 

V CC =5.0V, V 1N =2.0V 

C 2 

I/O and Clock Capacitance 

10 

Pf 

V CC =5.0V, V l/0 , V Y =2.0V 


1 . Guaranteed but not 1 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

1000 

CYCLES 
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Specifications ispLS1 1024 


Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

< 3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
atV OL +0.5V 

4700 

3900 

5pF 


*Cl includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l 0L =8 mA 

- 


0.4 

V 

VOH 

Output High Voltage 

l 0H =-4 mA 

2.4 


- 

V 

In 

Input or I/O Low Leakage Current 

0V<;V IN <;V IL (MAX.) 

- 

- 

-10 

mA 

IlH 

Input or I/O High Leakage Current 

> 8 

VI 

z 

> 

VI 

X 

> 

- 

- 

10 

|xA 

IlL-isp 

isp Input Low Leakage Current 

0V<V in <V il (MAX.) 

- 


-150 

\lA 

IlL-PU 

I/O Active Pull-Up Current 

0V<V tN <V IL 

- 

- 

-150 

pA 

losi 

Output Short Circuit Current 

V cc = 5V, V 0UT 

-60 

- 

-200 

mA 

ICC2 

Operating Power Supply Current 

V IL = 0.5V, V IH = 3.0V 

f TOGGLE = 20 MHZ 

Commercial 

- 

130 

190 

mA 

Industrial 

- 

130 

215 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using six 1 6-bit counters. 

3. Typical values are at V cc = 5V and T A = 25°C. 
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Specifications ispLS1 1024 
Commercial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

8* 

g3 

• cn 

# 2 

DESCRIPTION 1 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

15 

- 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

20 

- 

25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

80 

- 

60 

- 

MHz 

fmax (Ext.) 


4 

Clock Frequency with External Feedback (aagTtcoi) 

50 

- 

38 

- 

MHz 

fmax (Tog.) 


5 

Clock Frequency, Max Toggle 4 

100 

- 

83 

- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

7 

- 

9 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

10 

- 

13 

ns 

thi 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 


0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

10 

- 

13 

- 

ns 

tco2 


10 

GLB Reg. Clock to Output Delay 

- 

12 

- 

16 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

0 

- 

ns 

trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

17 

- 

22.5 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

10 

- 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

18 

- 

24 

ns 

tdis 

3 

15 

Input to Output Disable 

- 

m 


24 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse Duration, High 

5 

- 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pulse Duration, Low 

5 

- 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 

2 

- 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 

6.5 

- 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 


4-25 


9/92. Rev. C 







Lattice 


Specifications ispLS1 1024 
Commercial 


Internal Timing Parameters 1 


PARAMETER 


DESCRIPTION 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

- 

2.0 

- 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 

- 

3.0 

- 

4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

5.5 

- 

7.3 

- 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

1.0 

- 

1.3 

- 

ns 

tioco 

24 

I/O Register Clock to Out Delay 

- 

3.0 

- 

4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 

- 

2.5 

- 

3.3 

ns 


26 

Dedicated Input Delay 

- 

KO 

- 




tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

1.5 

- 



tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.0 

- 

m 

■ 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

3.0 

- 

EO 


tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

3.8 

- 

EEI 

m 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

EO 

- 

eq 



32 

GRP Delay, 24 GLB Loads 

- 

6.3 

- 

EO 

Bui 




4 Product Term Bypass Path Delay j 

- 

m 

- 

EO 

■a 


E9 

1 Product Term/XOR Path Delay 

- 

m 

- 


ns 

1 

EH 

20 Product Term/XOR Path Delay ' 

- 


- 

KWH 

ns 



XOR Adjacent Path Delay 3 

- 


- 


ns 

EBB 

37 

GLB Register Bypass Delay 

- 

|Q 

- 


ns 

ism 

38 

GLB Register Setup Time before Clock 

KO 


IS 

- 


tgh 

39 

GLB Register Hold Time after Clock 

4.5 

- 

6.0 

- 

ns 

tgco 

40 

GLB Register Clock to Output Delay 

- 

2.0 

- 

2.7 

ns 

tgr 

41 

GLB Register Reset to Output Delay 

- 

2.5 

- 

3.3 

ns 

tptre 

42 

GLB Product Term Reset to Register Delay 

- 

10.0 

- 

13.3 

ns 

tptoe 

43 

GLB Product Term Output Enable to I/O Cell Delay 

- 

9.0 

- 

12.0 

ns 

tptck 

44 

GLB Product Term Clock Delay 

3.5 

7.5 

4.6 

9.9 

ns 

ORP 

torp 

45 

ORP Delay 

- 

2.5 

- 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.5 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1024 
Commercial 


Internal Timing Parameters 1 


PARAMETER 


DESCRIPTION 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

- 

3.0 

- 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

5.0 

- 

6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

5.0 

- 

6.7 

ns 

Clocks 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

4.5 

4.5 

6.0 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 

5.0 

m 

6.6 


tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

9.0 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 
COND. 

* 

DESCRIPTION 1 



Mlj% 

cm 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 



ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

m 

m 

KS 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

£21 

v> 


fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback (t^Vtcoi) 

m 



fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

m 

- 

Esa 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

m 

- 


tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

B 

13 


thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 


- 


tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

ns 

trl 

1 

12 

Ext. Reset Pin to Output Delay \Nr> 

- 

22.5 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

24 

ns 

tdis 

3 

15 

Input to Output Disable 

- 

24 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse Duration, High 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Putfe Dujatioll^^/ 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time befpre Ext. Syhb. Clock (Y2, Y3) 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. HqJd Jfime aftprj-xt. Sync. Clock (Y2, Y3) 

8.5 

- 

ns 


1 . Unless noted otherwise, all paramete%u.se a Q.RP load d§4 : ‘GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this da^4"h^ f6T,furtii^<%^' 

3. Standard 16-Bit loadable couo^.^ftig.:felRP'''^edtlliii!^;'’ 

4. fmax (Toggle) may be less J^ian ;i |/(iiwh: ;; + tyirt). T)iis,is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Oonditions Sectipn. : ::; : : 
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Specifications ispLS1 1024 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

* 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

;: /-f 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 


4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

3 

Spv., 

ns 

tioh 

23 

I/O Register Hold Time after Clock J 

1,3 

: j/ 

ns 

tioco 

24 

I/O Register Clock to Out Delay \/,.J | 

- 

4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay \ j;| 


3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

tgrp24 

32 

GRP Delay, 24 GLB Loads 

- 

8.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR P4tH,Deiay 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XQR Path D^lay \,x4 ;;: ' 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent, Plitfil Delay 3 CX /' 

- 

12.7 

ns 

tgbp 

37 

GLB Register^ypaiss Dplayl 

- 

1.3 

ns 

tgsu 

38 

GLB RegJst|CSdjtup Ti^me before Clock 

1.3 

- 

ns 

tgh 

39 

GLg : f|egiker after Clock 

6.0 

- 

ns 

tgco 

40 

,GLB :Pe^ister G.lqcfe,t6 Output Delay 

- 

2.7 

ns 

tgr 

41< 

• Gbp f|egistir: Resiet to Output Delay 

- 

3.3 

ns 

tptre 

SM. 

GbB -Produ^f erm Reset to Register Delay 

- 

13.3 

ns 

tptOG 

4^j: 

; GL& :: Brqciuct Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptck/ 

)¥ 

GpB, Product Term Clock Delay 

4.6 

9.9 

ns 

ORP\ 

torp 


ORP Delay 

- 

3.3 

ns 

torpbp 

: 46 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1024 
Industrial 




Internal Timing Parameters 1 


PARAMETER 


DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay ./ 


4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

M - !: ' 

'.6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled \ 



ns 

Clocks yf 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

:: 4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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ispLS1 1024 Timing Model 



Derivations of tsu, th and too from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

5.5 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (2.0 + 2.0 + 3.5) 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= (tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40) + (#45 + #47) 

1 9.0 ns = (2.0+ 2.0 +7.5) + (2.0) + (2.5 + 3.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (3.0 + 2.0+1 .0) 

th = Clock (max) + Reg h - Logic 

■ (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

2.5 ns = (3.0 + 2.0 + 5.0) + (4.5) - (2.0 + 2.0 + 8.0) 

tco « Clock (max) + Reg co + Output 

= ftgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 
a (#50 + #40 + #52) + (#40) + (#45 + #47) 

1 7.5 ns = (3.0 + 2.0 + 5.0) + (2.0) + (2.5 + 3.0) 


1 . Calculations are based upon timing specs for the ispLS1 1 024-80. 
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Figure 3. Typical Device Power Consumption vs fmax 



fmax (MHz) 


Notes: Configuration of Six 16-bit Counters 
Typical Current at 5V, 25'C 


Figure 4. Maximum GRP Delay vs GLB Loads 
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■System Programmability 


Specifications ispLS1 1024 


The ispLSI devices are the in-system programmable ver- 
sion of the Lattice High-Density programmable Large 
Scale Integration (pLSI) devices. By integrating all the high 
voltage programming circuitry on-chip, the programming 
can be accomplished by simply shifting data into the 
device. Once the function is programmed, the non-volatile 
E 2 CMOS cells will not lose the pattern even when the 
power is turned off. 


All necessary programming is done via five TTL level logic 
interface signals. These five signals are fed into the on- 
chip programming circuitry where a state machine controls 
t he pro gramming. The interface signals are isp Enable 
(ispEN), Serial Data In (SDI), Serial Data Out (SDO), Serial 
Clock (SCLK) and Mode (MODE) control. Figure 5 illus- 
trates the block diagram of one possible scheme for 
programming the ispLSI devices. For details on the 
operation of the internal state machine and programming 
of the device please refer to the in-system programming 
section in this pLSI and ispLSI Data Book Supplement. 
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Programming Voltage/Timing Specifications 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

Vccp 

Programming Voltage 

Commercial 

4.75 

5 

5.25 

V 

Industrial * 

4.5 

5 

5.5 

Iccp 

Programming Supply Current 

ispEN = Low 

- 

50 

100 

mA 

VlHP 

Input Voltage High 


2.0 

- 

Vccp 

V 

VlLP 

Input Voltage Low 


0 

- 

0.8 

V 

IIP 

Input Current 


- 

100 

200 

HA 

VOHP 

Output Voltage High 

Ioh ” “3*2 mA 

2.4 

- 

Vccp 

V 

VOLP 

Output Voltage Low 

l OL = 5 mA 

0 

- 

0.5 

V 

tr.tf 

Input Rise and Fall 


- 

- 

0.1 

(JLS 

tisp 

ispEN to Output 3-State 


- 

2 

10 

\iS 

tsu 

Setup Time 


0.1 

0.5 

- 

ps 

tco 

Clock to Output 


0.1 

0.5 

- 

ps 

th 

Hold Time 


0.1 

0.5 

- 

ps 

tclkh, tclkl 

Clock Pulse Width, High and Low 


0.5 

1 

- 

US 

tpwv 

Verify Pulse Width 


20 

30 

- 

\IS 

tpwp 

Programming Pulse Width 


40 

- 

100 

ms 

tbew 

Bulk Erase Pulse Width 


200 

- 

- 

ms 

trst 

Reset Time From Valid Vccp 


45 

- 

- 

ps 
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Figure 6. Timing Waveforms for in-System Programming 



VlL 


VOL 


Figure 7. Program, Verify & Bulk Erase Waveforms 
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■ ■■ 

■ ■ ■ 


Specifications ispLSI 1024 


Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI Architec- 
forthe ispLS1 1024. For a detailed explanation refer to the tural Description section of this Data Book Supplement. 


Figure 8. ispLSI Device & Shift Register Layout 



SDO 


Note: A logic "1" in the Address Shift Register bit position enables the row for programming or verification. 
A logic "0" disables it. 


4-36 


9/92. Rev. C 







Specifications ispLS1 1024 


Pin Description 


Name 

PLCC Pin Numbers 

Description 

1/0 0-1/03 

22, 

23, 

24, 

25, 

Input/Output Pins - These are the general purpose I/O pins used by the 

1/0 4-1/0 7 

26, 

27, 

28, 

29, 

logic array. 

I/O 8-1/011 

30, 

31, 

32, 

33, 


1/012-1/0 15 

37, 

38, 

39, 

40, 


1/016-1/019 

41, 

42, 

43, 

44, 


I/O 20 - I/O 23 

45, 

46, 

47, 

48, 


I/O 24 - I/O 27 

56, 

57, 

58, 

59, 


I/O 28 - I/O 31 

60, 

61, 

62, 

63, 


I/O 32 - I/O 35 

64, 

65, 

66, 

67, 


I/O 36 - I/O 39 

3, 

4, 

5, 

6, 


I/O 40 - I/O 43 

7, 

8, 

9, 

10 , 


I/O 44 - I/O 47 

11, 

12, 

13, 

14 


IN 4 -IN 5 

2, 

15 



Dedicated input pins to the device. 

ispEN 

19 




Input - Dedicated in-system programming enable input pin. This pin 
is brought low to enable the programming mode. The MODE, SDI, 






SDO and SCLK options become active. 

SDJ/IN 0 

21 




Input - This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 
pin to load programming data into the device. SDI/IN 0 also is used as 
one of the two control pins for the isp state machine. 

MODE/IN 3 

55 




1 nput - This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as a pin to 






control the operation of the isp state machine. 

S DO/IN 1 

34 




Input/Output - This pin performs two functions. It is a dedicated clock 
input pin when ispEN is logic high. When ispEN is logic low, it functions 






as an output pin to read serial shift register data. 

SCLK/IN 2 

49 




Input - This pin performs two functions. It is a dedicated input when 
ispEN is logic high. When ispEN is logic low, it functions as a clock pin 
for the Serial Shift Register. 

RESET 

20 




Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

16 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 

54 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 






device. 

Y2 

51 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 






any I/O cell on the device. 

Y3 

50 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 






device. 

GND 

1 , 

18, 

35, 

52 

Ground (GND) 

Vcc 

17, 

36, 

53, 

68 

Vcc 
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68-Pin PLCC 

Dimensions in inches MIN./MAX. 



to exceed 0.004 
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Specifications ispLS1 1024 


Part Number Description 


ispLSI 1024 -XX X X 


Device Family 


Device Number - 


Speed 

80 = 80 MHz fmax 
60 = 60 MHz fmax 


X 

X. 


Grade 

Blank = Commercial 
I = Industrial 
Package 
J = PLCC 
Power 
L = Low 


Ordering Information 



COMMERCIAL 


fmax (MHz) 

tpd (ns) 

Ordering Number 

Package 

80 

15 

ispLSI 1 024-80 LJ 

68-Pin PLCC 

60 

20 

ispLSI 1 024-60 LJ 

68-Pin PLCC 


INDUSTRIAL 
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Lattice 


ispLSr 1032 

in-system programmable Large Scale Integration 
High-Density Programmable Logic 




Features 

■ 

Functional Block Diagram 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 

— Member of Lattice’s ispLSI Family 

— Fully Compatible with Lattice’s pLSI™ Family 

— High-Speed Global Interconnects 

— 64 I/O Pins, Eight Dedicated Inputs 
— 192 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Fast Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 80 MHz Maximum Operating Frequency 

— tpd = 15 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly" in 
Seconds 

— Reprogram Soldered Device for Debugging 

— Non-Volatile E 2 CMOS Technology 
— ■ 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI DEVELOPMENT SYSTEM (pDS™) 

pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
— Automatic Place and Route 
— Static Timing Table 
pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



Description 


The Lattice ispLS1 1032 is a High-Density Programmable 
Logic Device featuring 5-Volt in-system programmability 
and in-system diagnostic capabilities. The device contains 
1 92 Registers, 64 Universal I/O pins, eight Dedicated Input 
pins, four Dedicated Clock Input pins and a Global Routing 
Pool (GRP). The GRP provides complete interconnectivity 
between all of these elements. It is the first device which 
offers non-volatile "on-the-fly" reprogrammability of the 
logic, as well as the interconnects to provide truly 
reconfigurable systems. It is architecturally and parametri- 
cally compatible to the pLS1 1 032 device, but multiplexes 
four of the dedicated input pins to control in-system pro- 
gramming. 

The basic unit of logic on the ispLSI 1032 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. D7 (see figure 1). There are a total of 32 GLBs in the 
ispLS1 1032 device. Each GLB has 18 inputs, a program- 
mable AND/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. September 1992. Rev. C 

Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) 
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Specifications ispLS1 1032 


Functional Block Diagram 


Figure 1. ispLS1 1032 Functional Block Diagram 


I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O I/O IN I N 



IN 5 
IN 4 

1/0 47 
1/0 46 
1/0 45 
1/0 44 

I/O 43 
1/042 
1/041 
1/0 40 

I/O 39 
1/0 38 
1/0 37 
1/0 36 

1/035 
1/0 34 
1/033 
1/032 


The device also has 64 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional I/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
mAor sink 8 mA. 

Eight GLBs, 16 I/O cells, two dedicated inputs and one 
ORP are connected together to make a Megablock (see 
figure 1). The outputs of the eight GLBs are connected to 
a set of 16 universal I/O cells by the ORP. The I/O cells 
within the Megablock also share a common Output Enable 
(OE) signal. The ispLS1 1 032 device contains four of these 
Megablocks. 


The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the ispLS1 1032 device are selected using the 
Clock Distribution Network. Four dedicated clock pins 
(YO, Y1, Y2 and Y3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK 1, CLK 2, 
IOCLK 0 and IOCLK 1 ) are provided to route clocks to the 
GLBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GLB (CO on the ispLSI 
1032 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Specifications ispLS1 1032 


Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to V C c +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1. Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 



DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

wm 

Supply Voltage 

Commercial T A = 0°Cto+70°C 

4.75 

5.25 

V 

Industrial T A = -40°C to +85° C 

4.5 

5.5 

hi 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 


V 


Capacitaftce (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated Input Capacitance 

8 

Pf 

V CC =5.0V, V in =2.0V 

c 2 

I/O and Clock Capacitance 

10 

pf 

Voc=5.0V, V, ;0 , V y =2.0V 


1 . Guaranteed but not 1 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

1000 

CYCLES 
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Specifications ispLS1 1032 


lattice 


Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

S 3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


470Q 

390Q 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

470Q 

390Q 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

390Q 

5pF 

Active Low to Z 
at V 0L + 0.5V 

470Q 

3900 

5pF 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


*C L includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP.3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l OL =8 mA 

- 

- 

0.4 

V 

VOH 

Output High Voltage 

Iqh ="4 mA 

2.4 

- 

- 

V 

In 

Input or I/O Low Leakage Current 

0V^V in £V il (MAX.) 

- 

- 

-10 

pA 

IlH 

Input or I/O High Leakage Current 

o 

> 

VI 

z 

> 

VI 

X 

> 

- 

- 

10 

liA 

IlL-isp 

isp Input Low Leakage Current 

0V^V 1N <V 1L (MAX.) 

- 


-150 

|iA 

IlL-PU 

I/O Active Pull-Up Current 

0V<V IN <V IL 

- 


-150 

pA 

losi 

Output Short Circuit Current 

Vcc = 5V,V out 

-60 

- 

-200 

mA 

ICC2 

Operating Power Supply Current 

V IL * 0.5V, V 1H ■ 3.0V 

f TOGGLE = 20 MHZ 

Commercial 

- 

135 

195 

mA 

Industrial 

- 

135 

220 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using eight 16-bit counters. 

3. Typical values are at V cc - 5V and T A = 25°C. 
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Specifications ispLS1 1032 
Commercial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 


DESCRIPTION 1 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

15 


20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

20 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

O 


60 

- 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback (^^, tco1 ) 


- 

TO 

- 

I2U9 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

m 

- 

TO 

- 

EES 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

7 

- 

9 

- 


tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

TO 

- 

TO 

USE 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

BH 

- 

TO 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

TO 

- 

TO 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

0 

- 

19 


1 

12 

Ext. Reset Pin to Output Delay 

- 

□ 

- 

Eg 




EE! 

Ext. Reset Pulse Duration 

m 

- 

TO 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

TO 

- 

TO 

ns 

tdis 

3 

m 

Input to Output Disable 

- 

18 

- 

TO 


twh 

- 

16 

Ext. Sync. Clock Pulse Duration, High 

5 

- 

6 

- 


twl 

- 

EB 

Ext. Sync. Clock Pulse Duration, Low 

B 

- 

B 

- 

99 

tsu5 

- 

m 

I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 

2 

- 

TO 

- 


th5 

- 

J9 

I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 

6.5 

- 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 
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Specifications ispLS1 1032 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

* 

DESCRIPTION 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

- 

2.0 

- 

2.7 

ns 

tiolat 

21 

I/O Latch Delay , 

- 

3.0 

- 

4.0 

ns 


22 

I/O Register Setup Time before Clock 

5.5 

- 

7.3 

- 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

1.0 

- 

1.3 

- 

ns 


24 

I/O Register Clock to Out Delay 

- 

3.0 

- 

4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 

- 

2.5 

- 

3.3 

ns 

tdin 

E| 

Dedicated Input Delay 

- 

ESI 

- 



GRP 

lEEa!aHj| 

m 

GRP Delay, 1 GLB Load 

- 

1.5 

- 


■a 

EE ■ 

m 

GRP Delay, 4 GLB Loads 

- 

2.0 

- 

m 

ns 

EHH 

m 

GRP Delay, 8 GLB Loads 

- 


- 

EB 

ns 

tgrp12 

30 

GRP Delay, 12 GLB Loads 

- 


- 


ns 

tgrp16 

31 

GRP Delay, 16 GLB Loads 

- 


- 

6.0 

ns 

tgrp32 

32 

GRP Delay, 32 GLB Loads 


8.0 

- 

10.6 


GLB 

t4ptbp 

33 

4 Product Term Bypass Path Delay 

- 

6.5 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay 

- 

7.0 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XOR Path Delay 

- 

8.0 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent Path Delay 3 

- 

9.5 

- 

12.7 

ns 

tgbp 

37 

GLB Register Bypass Delay 

- 

1.0 

- 

KB 

ns 


EH 

GLB Register Setup Time before Clock 

DEI 

- 

KB 

- 

ns 

tgh 

39 

GLB Register Hold Time after Clock 

eb 

- 

EB1 

- 

ns 

tgco 

40 

GLB Register Clock to Output Delay 

- 

WfH 

- 

m 

ns 

tgr 

41 

GLB Register Reset to Output Delay 

- 

m 


Kiel 

ns 

tptre 

42 

GLB Product Term Reset to Register Delay 

- 

IBBI 

- 

Iflfl 


ESS 

m 


- 

ib 

- 



E39HI 

m 

GLB Product Term Clock Delay 

3.5 

m 

EB 

in 

19 

ORP 

torp 

45 

ORP Delay 

- 

2.5 

■ 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.5 



ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1032 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-80 

-60 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

- 

3.0 

- 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

5.0 

- 

6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

5.0 

- 

6.7 

ns 

Clocks 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

4.5 

4.5 

6.0 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

3.5 

5.5 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

9.0 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLS1 1032 
Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

#2 

DESCRIPTION 1 

-60 

UNITS 

MIN) 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

| 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

"W.. 

X V;;> 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback ( t ^ 2 I tcoi) 



MHz 


- 

5 

Clock Frequency, Max Toggle 4 

w 

- 

MHz 

mam 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

n 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 


- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

K2SHHI 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

ns 


1 

12 

Ext. Reset Pin to Output Delay 

- 

22.5 

ns 


- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

“ 

24 

ns 

ESSHM 

3 

KB 

Input to Output Disable / 

- 

24 

ns 

mum 

- 


Ext. Sync. Clock Puls^iir^iqS^High \C- " 

6 

- 

ns 

twl 

- 

KB 

Ext. Sync. Clock Pjijse Diii^ion>Cbw : > 

6 

- 

ns 


- 

m 

I/O Reg. Setup Time before frq^Syiric. Clock (Y2, Y3) 

2.5 

! - 

ns 

th5 

- 

19 

I/O Reg. Hold time aftefExfc Sync. Clock (Y2, Y3) 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP loaid pf 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this datash edt.f o r f M.rther details . 

3. Standard 16-Bit loadable cou.nter u?'rng G i feedback 

4. fmax (Toggle) may be les$4jian ^|^h\|^^:^isis to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test : ^dii^itiohs;Sa^.6n v . :; 
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Specifications ispLS1 1032 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 


tiobp 

20 

I/O Register Bypass 

•Cxi 

2.7 

ns 

tiolat 

21 

I/O Latch Delay .X 1 

-v.y. : 

, 4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock ] 



ns 

tioh 

23 

I/O Register Hold Time after Clock I,, 

1:3, 


ns 

tioco 

24 

I/O Register Clock to Out Delay Xf'xj 

v 

4.0 

ns 

tier 

25 

I/O Register Reset to Out Delay "vj 

- 

3.3 

ns 

tdin 

26 

Dedicated Input Delay \ 

- 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgr P 12 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

tgrp32 

32 

GRP Delay, 32 GLB Loads 

- 

10.6 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass Path Delay . . 

- 

8.6 

ns 

tlptxor 

34 

1 Product Term/XOR Path Delay : :. 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XOR Path Delay 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacerrt; :: iath Dplay 3 \ 

- 

12.7 

ns 

tgbp 

37 

GLB Register Bypass 

- 

1.3 

ns 

tgsu 

38 

GLB B^gist#Set^pTlrpe,brefore Clock 

1.3 

- 

ns 

tgh 

39 

GLB Regis&HpldiTi®ii after Clock 

6.0 

- 

ns 

tgco 

40 

^LB Register Cloqkio Output Delay 


2.7 

ns 

tgr 

m 




■9 

tptre 

m 


- 


■9 

tptoe 

,43:: 

G!_B Product Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptCllC' *. 

■ ; W 

GLBIProduct Term Clock Delay 

4.6 

9.9 

ns 

ORP X 

torp 


ORP Delay 

- 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.7 

ns 


1. Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 


MIN, 

MAX. 

Outputs a <£ 

tob 

47 

Output Buffer Delay 


CO 


toen 

48 

I/O Cell OE to Output Enabled 


1 M 

1^1 

tsmm 

49 

I/O Cell OE to Output Disabled 1 


m 

a 

Clocks 

HBH 


Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) V; 




tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line / 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line \\£V**-* 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock yrie " \,| 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for refers nce.dtily. 

2. Refer to Timing Model in this data sheet for further details. 
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ispLS1 1032 Timing Model 


\IOCq\\ ^ ' GRP ^ GLB ^ ORP ^ \/OCq\\ 


Feedback 



Derivations of tsu, th and tco from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= ftiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

5.5 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (2.0 + 2.0 + 3.5) 

th * Clock (max) + Reg h - Logic 

= ftiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= ftiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40) + (#45 + #47) 

1 9.0 ns = (2.0+ 2.0 +7.5) + (2.0) + (2.5 + 3.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu = Logic + Reg su - Clock (min) 

= ftiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
a (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (2.0 + 2.0 + 8.0) + (1 .0) - (3.0 + 2.0+1 .0) 

th = Clock (max) + Reg h - Logic 

= (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
a (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

2.5 ns = (3.0 + 2.0 + 5.0) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg co + Output 

= ftgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

1 7.5 ns = (3.0 + 2.0 + 5.0) + (2.0) + (2.5 + 3.0) 


1 . Calculations are based upon timing specs for the ispLS1 1032-80. 
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Figure 3. Typical Device Power Consumption vs fmax 



fmax (MHz) 


Notes: Configuration of eight 1 6-bit Counters 
Typical Current at 5V, 25° C 


Figure 4. Maximum GRP Delay vs GLB Loads 
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In-System Programmability 


The ispLSI devices are the in-system programmable ver- 
sion of the Lattice High-Density programmable Large 
Scale Integration (pLSI) devices. By integrating all the high 
voltage programming circuitry on-chip, the programming 
can be accomplished by simply shifting data into the 
device. Once the function is programmed, the non-volatile 
E 2 CMOS cells will not lose the pattern even when the 
power is turned off. 


All necessary programming is done via five TTL level logic 
interface signals. These five signals are fed into the on- 
chip programming circuitry where a state machine controls 
t he pro gramming. The interface signals are isp Enable 
(ispEN), Serial Data In (SDI), Serial Data Out (SDO), Serial 
Clock (SCLK) and Mode (MODE) control. Figure 5 illus- 
trates the block diagram of one possible scheme for 
programming the ispLSI devices. For details on the 
operation of the internal state machine and programming 
of the device please refer to the in-system programming 
section in this pLSI and ispLSI Data Book Supplement. 


Figure 5. ispLSI Programming Interface 
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Programming Voltage/Timing Specifications 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

Vccp 

Programming Voltage 

Commercial 

4.75 

5 

5.25 

V 

Industrial 

4.5 

5 

5.5 

Iccp 

Programming Supply Current 

ispEN ■ Low 

- 

50 

100 

mA 

VlHP 

Input Voltage High 


2.0 

- 

Vccp 

V 

VlLP 

Input Voltage Low 


0 

- 

0.8 

V 

IIP 

Input Current 


- 

100 

200 

pA 

VOHP 

Output Voltage High 

Ioh ss -3.2 mA 

2.4 

- 

Vccp 

V 

VOLP 

Output Voltage Low 

l OL = 5 mA 

0 

- 

0.5 

V 

tr, tf 

Input Rise and Fall 


- 

- 

0.1 

ps 

tisp 

ispEN to Output 3-State 


- 

2 

10 

\xs 

tsu 

Setup Time 


0.1 

0.5 

- 

RS 

tco 

Clock to Output 


0.1 

0.5 

- 

US 

th 

Hold Time 


0.1 

0.5 

- 

M'S 

tclkh, tclkl 

Clock Pulse Width, High and Low 


0.5 

1 

- 

^S 

tpwv 

Verify Pulse Width 


20 

30 

- 

US 

tpwp 

Programming Pulse Width 


40 

- 

100 

ms 

tbew 

Bulk Erase Pulse Width 


200 

- 

- 

ms 

trst 

Reset Time From Valid Vccp 


45 

- 

- 

lis 
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Figure 6. Timing Waveforms for In-System Programming 


VCCP 


Unused 

Input 

Unused 


trstL_ 


//// 7 ? /// ispLSI Pins are 3-Stated During Programming //////// N w 


as izzzzz. 


HI - Z 



SCLK 

VlH tsu 

sdo 777 s } 

VlL 


' <ZZZZZZZZZZZZZZZZZZZZZ ZZZZ > C EL 


VOL 



Figure 7. Program, Verify & Bulk Erase Waveforms 
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Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI Architec- 
forthe ispLS1 1032. For a detailed explanation refer to the tural Description section of this Data Book Supplement. 


Figure 8. ispLSI Device & Shift Register Layout 



SDO 


Note: A logic "1" in the Address Shift Register bit position enables the row for programming or verification. 
A logic "0" disables it. 
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Pin Description 


Name 

PLCC Pin Numbers 

Description 

I/O 0-1/0 3 

26, 

27, 

28, 

29, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

30, 

31, 

32, 

33, 

logic array. 

1/0 8-1/011 

34, 

35, 

36, 

37, 


1/0 12-1/0 15 

38, 

39, 

40, 

41, 


1/016-1/0 19 

45, 

46, 

47, 

48, 


I/O 20 - I/O 23 

49, 

50, 

51, 

52, 


I/O 24 - I/O 27 

53, 

54, 

55, 

56, 


I/O 28 - I/O 31 

57, 

58, 

59, 

60, 


I/O 32 - I/O 35 

68, 

69, 

70, 

71, 


I/O 36 - I/O 39 

72, 

73, 

74, 

75, 


I/O 40 - I/O 43 

76, 

77, 

78, 

79, 


I/O 44 - I/O 47 

80, 

81, 

82, 

83, 


I/O 48 - I/O 51 

3, 

4, 

5, 

6, 


I/O 52 - I/O 55 

7, 

8, 

9, 

10, 


I/O 56 - I/O 59 

11, 

12, 

13, 

14, 


I/O 60 - I/O 63 

15, 

16, 

17, 

18 


IN 4 -IN 7 

67, 

84, 

2, 

19 

Dedicated input pins to the device. 

ispEN 

23 




Input - Dedicated in-system programming enable input pin. This pin 
is brought low to enable the programming mode. The MODE, SDI, 






SDO and SCLK options become active. 

SDI/INO 

25 




1 nput - This pin performs two functions. It is adedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 






pin to load programming data into the device. SDI/IN 0 also is used as 
one of the two control pins for the isp state machine. 

MODE/IN 1 

42 




Input -This pin performs two functions. It isadedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as a pin to 






control the operation of the isp state machine. 

S DO/IN 2 

44 




Input/Output - This pin performs two functions. It is a dedicated input 
pin when ispEN is logic high. When ispEN is logic low, it functions as 






an output pin to read serial shift register data. 

SCLK/IN 3 

61 




Input - This pin performs two functions. It is a dedicated input when 
ispEN is logic high. When ispEN is logic low, it functions as a clock pin 
for the Serial Shift Register. 

RESET 

24 




Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

20 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 

66 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 






device. 

Y2 

63 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 






any I/O cell on the device. 

Y3 

62 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 






device. 

GND 

1, 

22, 

43, 

64 

Ground (GND) 

Vcc 

21, 

65 



Vcc 
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Pin Configuration 


KspLS1 1032 PLCC Pinout Diagram 


PPPPPPPPP 


PPPPPPPPP 


11 10 9 8 7 6 5 4 3 2 1 84 83 82 81 80 79 78 77 76 75 


1/0 57 C 

12 


74 

1/0 58 C 

13 


73 

1/0 59 C 

14 


72 

1/0 60 C 

15 


71 

1/0 61 C 

16 


70 

1/0 62 C 

17 


69 

1/0 63 C 

18 


68 

IN 7 C 

19 


67 

YO C 

20 


66 

VCC C 

21 


65 

GND C 

22 


64 

ispEN C 

23 

ispLS1 1032 

63 

RESET C 

24 


62 

SDI/INO C 

25 


61 

1/0 0 C 

26 


60 

1/01 C 

27 


59 

1/0 2 C 

28 


58 

1/0 3 C 

29 


57 

1/0 4 C 

30 


56 

1/0 5 C 

31 


55 

1/0 6 C 

32 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

54 


I/O 38 
I/O 37 
I/O 36 
I/O 35 
I/O 34 
I/O 33 
I/O 32 
IN 4 
Y1 
VCC 
GND 
Y2 
Y3 

SCLK/IN 3 
1/0 31 
I/O 30 
I/O 29 
I/O 28 
I/O 27 
I/O 26 
I/O 25 


NflO®Or-W CO^lOr-QCVI«DSOOO)0 
8 8 


t-t— t-t— CvJCMCMCMCVl 

ooooooopp 


4-58 


9/92. Rev. C 




Lattice 

■ ■■ 

■■■ 


Package Diagram 


Specifications ispLSI 1032 


84-Pln PLCC 

Dimensions in inches MIN./MAX. 



to exceed 0.004 


Part Number Description 


ispLSI 1032 -XX X X 


Device Family 

Device Number 

Speed 

80 = 80 MHz fmax 
60 = 60 MHz fmax 


Ordering Information 



fmax (MHz) 


COMMERCIAL 


INDUSTRIAL 


Ordering Number 


ispLSI 1032-60LJI 


Grade 

Blank = Commercial 
I = Industrial 
Package 
J = PLCC 
- Power 
L as Low 


fmax (MHz) 

tpd (ns) 

Ordering Number 

Package 

80 

15 

ispLSI 1032-80LJ 

84-Pin PLCC 

60 

20 

ispLSI 1032-60LJ 

84-Pin PLCC 



60 


tpd (ns) 
20 


Package 

84-Pin PLCC 
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in-system programmable Large Scale Integration 
High-Density Programmable Logic 




Features 

■ 

Functional Block Diagram 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 
— - Member of Lattice’s ispLSI Family 

— Fully Compatible with Lattice's pLSI™ Family 

— High-Speed Global Interconnects 

— 96 I/O Pins, Ten Dedicated Inputs 

— 288 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— f max = 70 MHz Maximum Operating Frequency 

— tpd = 18 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly" in 
Seconds 

— Reprogram Soldered Device for Debugging 

— Non-Volatile E 2 CMOS Technology 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI DEVELOPMENT SYSTEM (pDS™) 

pDS Software 

— Easy to Use PC Windows™ Interface 
— - Boolean Logic Compiler 
— Manual Partitioning 
— Automatic Place and Route 
— Static Timing Table 

pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



Description 


The Lattice ispLS1 1048 is a High-Density Programmable 
Logic Device featuring 5-Volt in-system programmability 
and in-system diagnostic capabilities. The device contains 
288 Registers, 96 Universal I/O pins, ten Dedicated Input 
pins, four Dedicated Clock Input pins and a Global Routing 
Pool (GRP). The GRP provides complete interconnectivity 
between all of these elements. It is the first device which 
offers non-volatile "on-the-fly" reprogrammability of the 
logic, as well as the interconnects to provide truly 
reconf igurable systems. It is architecturally and parametri- 
cally compatible to the pLS1 1048 device, but multiplexes 
four of the dedicated input pins to control in-system pro- 
gramming. 

The basic unit of logic on the ispLSI 1048 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. F7 (see figure 1). There are a total of 48 GLBs in the 
ispLS1 1048 device. Each GLB has 18 inputs, a program- 
mable AND/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. 

Tel. (503) 681-01 18; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423) 
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Functional Block Diagram 


Figure 1. ispLS1 1048 Functional Block Diagram 



The device also has 96 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional I/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
mA or sink 8 mA. 

Eight GLBs, 16 I/O cells, two dedicated inputs (one dedi- 
cated input in Megablock B and E) and one ORP are 
connected together to make a Megablock (see figure 1). 
The outputs of the eight GLBs are connected to a set of 1 6 
universal I/O cells by the ORP. The ispLS1 1048 device 
contains six of these Megablocks. 


The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directional I/O cells. All of 
these signals are made available to the inputs of the GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the ispLSI 1048 device are selected using the 
Clock Distribution Network. Four dedicated clock pins 
(Y0, Y1, Y2 and Y3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK 1, CLK 2, 
IOCLK 0 and IOCLK 1 ) are provided to route clocks to the 
GLBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GLB (DO on the ispLSI 
1048 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 125°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 



DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 



Vcc 

Supply Voltage 

Commercial T A = 0°C to +70°C 

4.75 

5.25 


Industrial T A = -40°C to +85°C 

4.5 

5.5 

VlL 

Input Low Voltage 

0 

0.8 

■mmj 

VlH 

Input High Voltage 

2.0 

Vcc+1 

V 


Capacitance (T A =25°C, f=1 .0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated Input Capacitance 

8 

pf 

Voc=5.0V, V 1N =2.0V 

c 2 

I/O and Clock Capacitance 

10 

Pf 

Voc=5.0V, V 1/Q , V y =2.0V 


1 . Guaranteed but not 1 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

1000 

CYCLES 
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Switching Test Conditions 


Input Pulse Levels 

GNDto 3.0V 

Input Rise and Fall Times 

<3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


470Q 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
at V 0H - 0.5 V 

oo 

3900 

5pF 

Active Low to Z 
at V 0L + 0.5V 

470Q 

3900 

5pF 


Figure 2. Test Load 


Device 

Output 



Test 

Point 


*C L includes Test Fixture and Probe Capacitance. 


DC Electrical Characteristics 


Over Recommended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l OL =8 mA 

- 

- 

0.4 

V 

VOH 

Output High Voltage 

Iqh =-4 mA 

2.4 


- 

V 

In 

Input or I/O Low Leakage Current 

OV £ V IN < V IL (MAX.) 

- 

- 

-10 

pA 

liH 

Input or I/O High Leakage Current 

> 8 

VI 

z 

> 

VI 

i 

> 

- 

- 

10 

pA 

IlL-isp 

isp Input Low Leakage Current 

0V<sV IN *V 1L (MAX.) 

- 

- 

-150 

pA 

IlL-PU 

I/O Active Pull-Up Current 

0V<V IN <V IL 

- 

- 

-150 

pA 

losi 

Output Short Circuit Current 

Vcc - 5V, V 0UT 

-60 

- 

-200 

mA 

ICC 2 

Operating Power Supply Current 

V, L * 0.5V, V IH = 3.0V 

^TOGGLE 88 20 MHZ 

Commercial 

- 

165 

235 

mA 

Industrial 

- 

165 

260 

mA 


1 . One output at a time for a maximum duration of one second. 

2. Measured using twelve 1 6-bit counters. 

3. Typical values are at V cc = 5V and T A = 25°C. 
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Commercial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-70 

-50 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

18 

- 

24 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

- 

23 

- 

30.7 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

71.4 

- 


jdi 

8113 

IflEUSSI 

- 

4 

Clock Frequency with External Feedback ,) 

41.7 

- 


m 

Eg 

it 

- 

5 

Clock Frequency, Max Toggle 4 

83 

- 


- 

cm 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

9 

- 


- 

dm 

tcol 

D 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

12 

- 

o 


thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

0 

- 

AM 


- 

9 

GLB Reg. Setup Time before Clock 

12 

- 

m 

- 


tco2 

- 

KB 

GLB Reg. Clock to Output Delay 

- 

14 

- 



th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

0 

- 


trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

□ 

- 



trwl 

- 

13 

Ext. Reset Pulse Duration 

10 


13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

20 

- 

26.7 

ns 

tdis 

3 

15 

Input to Output Disable 

- 

20 

- 

26.7 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse Duration, High 

6 

- 

7 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pulse Duration, Low 

6 

- 

7 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 

2 

- 

2.7 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 

6.5 

- 

8.7 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further details. 

3. Standard 16-Bit loadable counter using GRP feedback. 

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions Section. 
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Specifications ispLS1 1048 
Commercial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-70 

-50 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

- 

3.0 

- 

4.0 

ns 

tiolat 

21 

I/O Latch Delay 

- 

4.0 

- 

5.3 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

6.0 

- 

8.1 

- 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

0.5 

- 

0.9 

- 

ns 

tioco 

24 

I/O Register Clock to Out Delay 

- 

3.0 

- 

3.9 

ns 


25 

I/O Register Reset to Out Delay 

- 

3.5 

- 

4.6 

ns 


26 

Dedicated Input Delay 

- 

6.0 

- 

8.0 

ns 

GRP 

KSESHIM 

m 

GRP Delay, 1 GLB Load 

- 


- 

EH 



m 

GRP Delay, 4 GLB Loads 

- 

KfiM 

- 

EQ 


ESaM 

m 

GRP Delay, 8 GLB Loads 

- 

ES3 

- 

iph 

ns 

tgrp12 

30 

GRP Delay, 12 GLB Loads 

- 

EH 

- 

m 

BH 


EO 


- 

HE 

- 

10 



KB 


- 

16.0 

- 

Biel 

E 

GLB 


Elf 


- 

EQ 

- 

EO 

ns 

KH 

m 

1 Product Term/XOR Path Delay 

- 

m 

- 

E-EI 

ns 


EH 

20 Product Term/XOR Path Delay 

- 

m 

- 

HiH 

BSSi 



XOR Adjacent Path Delay 3 

- 

it! 

- 


■a 


37 

GLB Register Bypass Delay 

- 


- 


■a 



GLB Register Setup Time before Clock 

IQ 

- 


- 

HS9 

tgh 

ESI 

GLB Register Hold Time after Clock 

B9B1 

- 

El 

- 



40 

GLB Register Clock to Output Delay 

- 

m 

- 


■s 

tgr 

41 

GLB Register Reset to Output Delay 

- 

m 

- 


ns 


42 

GLB Product Term Reset to Register Delay 

- 

10.0 

- 


ns 

tptoe 

43 

GLB Product Term Output Enable to I/O Cell Delay 

- 

9.0 


11.9 

ns 

tptck 

44 

GLB Product Term Clock Delay 

3.5 

7.5 

4.6 

9.9 

ns 

ORP 

torp 

45 

ORP Delay 

- 

3.5 

- 

4.7 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

1.5 

- 

2.0 

ns 


1 . internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1048 
Commercial 


internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-70 

-50 

UNITS 

MIN. 

MAX. 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

- 

3.0 

- 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 

- 

5.0 

- 

m 

ns 

todis 

49 

I/O Cell OE to Output Disabled 

- 

5.0 

- 

m 

ns 

Clocks 

mam 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


03 

m 

m 

ns 

{mss 

m 

Clock Delay, Y1 or Y2 to Global GLB Clock Line ; 

EE3 

ESS 

HU 

m 

ns 


m 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.0 


KB 

6.6 



E3 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

m 

113 

mm 

m 


tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.0 

5.0 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

8.0 

- 

10.6 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLS1 1048 
Industrial 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-50 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


24 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

til A 

30.7 

ns 


1 

3 

Clock Frequency with Internal Feedback 3 


29 


fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback (^ 7 ^ 01 ) 

3T3, 

7 ' ’ 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 



MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

,JZ 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

16 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass "***-**j$^/ 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

16 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

18.7 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

ns 

trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

22.7 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 


KB 

Input to Output Enable 

- 

m 


tdis 

3 

15 

Input to Output Disable 

- 

m 



- 

16 

Ext. Sync. Clock Pulse Dufcatipn, High ;> %. 

7 

- 

■a 

twl 

- 

KB 

Ext. Sync. Clock Pulsd Ejurattap^ 

7 

- 

ns 

tsu5 

- 

m 

I/O Reg. Setup Tirtie^ (Y2, Y3) 

2.7 

- 

ns 

th5 

- 

19 

I/O Reg. Holcf f ime after Ext. Syp! Clock (Y2, Y3) 

8.7 

- 

ns 


1. Unless noted otherwise, all parameters use a..GRP lo^3 :: qt4.,dLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sh|effq.r further detkils7‘ 

3. Standard 16-Bit loadable counteriisipG^ 

4. fmax (Toggle) may be less thah : :17(^h' ; '+ twjj'This is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Gonditiprijs Sector .*• 
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Specifications ispLS1 1048 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

y 

DESCRIPTION 

-50 

UNITS 

MIN. 

MAX. 

Inputs 


tiobp 

20 

I/O Register Bypass 



4.0 

ns 

tioiat 

21 

I/O Latch Delay 



5.3 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

.8.1 

Vx 

ns 

tioh 

23 

I/O Register Hold Time after Clock 1 

oi . 

: r" 

ns 

tioco 

24 

I/O Register Clock to Out Delay 


: 3.9 

ns 

tior 

25 

I/O Register Reset to Out Delay 


4.6 

ns 

tdin 

26 

Dedicated Input Delay 

- 

8.0 

ns 

G R P /> 

tgrpl 

27 

GRP Delay, 1 GLB Load ^\\ 


- 

3.3 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads ^ "\ : 


- 

4.0 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 


- 

5.3 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads \ 

- 

6.7 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads ./€ \ 

- 

8.0 

ns 

tgrp48 

32 

GRP Delay, 48 GLB Loads \ \. 

- 

21.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XpR Path Belay \ 

- 

10.0 

ns 

txoradj 

36 

XOR Adjacent PitK‘ Delay 3 

- 

12.7 

ns 

tgbp 

37 

GLB Registe<;Bypass Qplay 1 

- 

1.3 

ns 

tgsu 

38 

GLB Regf^f^ltupi^me^fbre Clock 

2.0 

- 

ns 

tgh 

39 

GL&kegist# ^o^timbafter Clock 

8.0 

- 

ns 

tgco 

ESI 

GLte^jsterQlc^ td Output Delay 

- 

3.3 

ns 

tgr 

m 

:: : GiB F|egis|ef. Reset to Output Delay 

- 


ns 

tptre 

<k 

W]B,Prodi^c| : Term Reset to Register Delay 

- 

13.3 

ns 

iffl 

m 

GLkP.r^tiict Term Output Enable to I/O Cell Delay 

- 

11.9 

ns 

mbbsbkm 

m 

GbB Product Term Clock Delay 

4.6 

9.9 

ns 

or¥\ 

torp 

m 

ORP Delay 

- 

m 

B39 

IESBB3SHK 

m 

ORP Bypass Delay 

- 

EffiB 

H5B 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1048 
Industrial 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-50 

UNITS 

MIN) 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 


)4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 


ftp 

ns 

todis 

49 

I/O Cell OE to Output Disabled 



ns 

Clocks 

K$OI^H 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

6.7 

6.7 

ns 



Clock Delay, Y1 or Y2 to Global GLB Clock Line 

B4cH 

m 



m 

Clock Delay, Clock GLB to Global GLB Clock Line 

KB 



KSflSHH 

E 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 


5.3 

IB 


tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock.Mpe 


1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

10.6 

ns 


1 . Internal Timing Parameters are not tested and are for reference bnly. 

2. Refer to Timing Model in this data sheet for further details. ...... 
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Specifications ispLS1 1048 


ispLS1 1048 Timing Model 


I/O Cell GRP GLB ORP I/O Cell 

Feedback 



Derivations of tsu y th and too from the Product Term Clock 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

5.5 ns = (3.0 + 3.0 + 7.5) + (1 .5) - (3.0 + 3.0 + 3.5) 

th = Clock (max) + Reg h - Logic 

* (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 

6.0 ns - (3.0 + 3.0 + 7.5) + (6.0) - (3.0 + 3.0 + 7.5) 

tco = Clock (max) + Reg co + Output 

= (tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob) 

= (#20 + #28 + #44) + (#40 ) + (#45 + #47) 

22.5 ns = (3.0 + 3.0 +7.5) + (2.5) + (3.5 + 3.0) 

Derivations of tsu, th and tco from the Clock GLB 1 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

6.5 ns = (3.0 + 3.0 + 7.5) + (1 .5) - (5.0 + 2.5+1 .0) 

th = Clock (max) + Reg h - Logic 

- (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.0 ns = (5.0 + 2.5 + 5.0) + (6.0) - (3.0 + 3.0 + 7.5) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

* (#50 + #40 + #52) + (#40) + (#45 + #47) 

21 .5 ns = (5.0 + 2.5 + 5.0) + (2.5) + (3.5 + 3.0) 


1 . Calculations are based upon timing specs for the ispLS1 1048-70. 
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Specifications ispLS1 1048 


Figure 3. Typical Device Power Consumption vs fmax 



Notes: Configuration of Twelve 16-bit Counters 
Typical Current at 5V, 25°C 


Figure 4. Maximum GRP Delay vs GLB Loads 
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In-System Programmability 


The ispLSI devices are the in-system programmable ver- All necessary programming is done via five TTL level logic 
sion of the Lattice High-Density programmable Large interface signals. These five signals are fed into the on- 
Scale Integration (pLSI) devices. By integrating all the high chip programming circuitry where a state machine controls 
voltage programming circuitry on-chip, the programming t he pro gramming. The interface signals are isp Enable 
can be accomplished by simply shifting data into the (ispEN), Serial Data In (SDI), Serial Data Out (SDO), Serial 
device. Once the function is programmed, the non-volatile Clock (SCLK) and Mode (MODE) control. Figure 5 illus- 
E 2 CMOS cells will not lose the pattern even when the trates the block diagram of one possible scheme for 
power is turned off. programming the ispLSI devices. For details on the 

operation of the internal state machine and programming 
of the device please refer to the in-system programming 
section in this pLSI and ispLSI Data Book Supplement. 











Specifications ispLS1 1048 


Lattice 



Programming Voltage/Timing Specifications 


PARAMETER 


Programming Voltage 

Programming Supply Current 
Input Voltage High 
Input Voltage Low 


Input Current 


Output Voltage High 


Output Voltage Low 
Input Rise and Fall 


ispEN to Output 3-State 


Setup Time 

Clock to Output 


Hold Time 


CONDITION 


Commercial 
Industrial 
ispEN * Low 























Lattice 


Specifications ispLS1 1048 


Figure 6. Timing Waveforms for In-System Programming 



Figure 7. Program, Verify & Bulk Erase Waveforms 
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Specifications ispLS1 1048 


Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI 
forthe ispLS1 1048. Foradetailed explanation refertothe Architectural Description section of this Data Book Supple- 
ment. 


Figure 8. ispLSI Device & Shift Register Layout 



SDO 

Note: A logic "1" in the Address Shift Register bit position enables the row for programming or verification. 
A logic "0" disables it. 
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Pin Description 


Name 

PQFP Pin Numbers 

Description 

I/O 0-1/0 5 

20, 

21, 

22, 

23, 

24, 

25, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 6-1/011 

26, 

27, 

28, 

29, 

30, 

31, 

logic array. 

1/0 12-1/0 17 

32, 

33, 

34, 

35, 

36, 

37, 


1/0 18-1/0 23 

38, 

39, 

40, 

41, 

42, 

43, 


I/O 24 - I/O 29 

49, 

50, 

51, 

52, 

53, 

54, 


I/O 30 - I/O 35 

55, 

56, 

57, 

58, 

59, 

60, 


I/O 36 - I/O 41 

61, 

62, 

63, 

64, 

65, 

66, 


I/O 42 - I/O 47 

67, 

68, 

69, 

70, 

71, 

72, 


I/O 48 - I/O 53 

80, 

81, 

82, 

83, 

84, 

85, 


I/O 54 - I/O 59 

86, 

87, 

88, 

89, 

90, 

91, 


I/O 60 - I/O 65 

92, 

93, 

94, 

95, 

96, 

97, 


1/0 66-1/0 71 

98, 

99,100,101,102,103, 


I/O 72 - I/O 77 

109,110,111,112,113,114, 


I/O 78 - I/O 83 

115,116,117,118,119,120, 


I/O 84 - I/O 89 

1 , 

2, 

3, 

4 

5, 

6, 


I/O 90 - I/O 95 

7, 

8, 

9, 

10, 

11, 

12 


IN 4 

48, 






Dedicated input pins to the device. (IN 2 and IN 9 not available) 

IN 6 - IN 1 1 

79,104,105, 

- 

108, 

13 


ispEN 

17 






Input - Dedicated in-system programming enable input pin. This pin 
is brought low to enable the programming mode. The MODE, SDI, 








SDO and SCLK options become active. 

SDI/IN 0 

19 






Input-This Din performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 
pin to load programming data into the device. SDI/IN 0 also is used as 
one of the two control pins for the isp state machine. 

MODE/IN 1 

44 






1 nput - Th is pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as a pin to 
control the operation of the isp state machine. 

S DO/IN 3 

47 






Input/Output - This pin performs two functions. It is a dedicated clock 
input pin when ispEN is logic high. When ispEN is logic low, it functions 
as an output pin to read serial shift register data. 

SCLK/IN 5 

73 






Input - This pin performs two functions. It is a dedicated input when 
ispEN is logic high. When ispEN is logic low, it functions as a clock pin 








for the Serial Shift Register. 

RESET 

18 






Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

14 






Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 

78 






Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 

Y2 

75 






Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 
any I/O cell on the device. 

Y3 

74 






Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 
device. 

GND 

46, 

76,106, 

16 



Ground (GND) 

Vcc 

15, 

45, 

77, 

107 



Vcc 
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Specifications ispLSI 1048 


Part Number Description 


ispLSI 1048 -XX X X 


Device Family - 


Device Number 


Speed 


70 = 70 MHz fmax 
50 = 50 MHz fmax 


X 

n 


- Grade 

Blank = Commercial 
I = Industrial 
Package 
Q = PQFP 
• Power 
L = Low 


Ordering Information 



COMMERCIAL 



fmax (MHz) 

tpd (ns) 

Ordering Number 

Package 

70 

18 

ispLSI 1 048-70LQ 

120-Pin PQFP 

50 

24 

ispLSI 1048-50LQ 

120-Pin PQFP 
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Military Program 
Overview 


CORPORATE PHILOSOPHY 

Lattice Semiconductor is committed to leadership in 
performance and quality. Our families of Military pLSI and 
ispLSI devices are consistent with this philosophy. Lattice 
manufactures all devices under strict Quality Assurance 
guidelines. All grades, Commercial through MIL-STD-883, 
are monitored under a quality program conformant to 
MIL-M-38510 Appendix A with inspections conformant to 
MIL-l-45208. 


MIL-STD-883 COMPLIANCE 

MIL-STD-883 provides a uniform and precise method for 
environmental, mechanical and electrical testing which 
ensures the suitability of microelectronic devices for use in 
military and aerospace systems. Table I (page 5-2) sum- 
marizes the MIL-STD-883 Class B Flow. Table II 
summarizes the detailed Quality Conformance Inspection 
tests rigorously performed by Lattice as required by 
MIL-STD-883, Method 5005. 


Complete reviews of Lattice's procedures, documentation 
and technical data are welcomed and can be arranged at 
the Company's facility near Portland, Oregon. 

For the latest availability information on MIL-STD-883 
processed pLSI and ispLSI devices, please contact your 
local sales office. 

QUALITY AND TESTABILITY 

Lattice Semiconductor processes its Military pLSI and 
ispLSI devices in strict conformance with MIL-STD-883 
Class B. In conjunction with the Military flow, the inherent 
testability of E 2 CMOS technology allows Lattice to achieve 
a quality level superior to other PLD or FPGA technologies. 

All pLSI and ispLSI devices are patterned and tested 
dozens of times throughout the manufacturing flow. Every 
device is tested under worst case conf igurations to assure 
customers achieve 100% yields. Tests are performed 
using the same E 2 cell array that will be used for the final 
patterning of the devices. The 1 00% "actual test" philoso- 
phy eliminates the correlated and simulated testing that is 
necessary with other technologies. 


MIL-M-38510 

MIL-M-3851 0, when used in conjunction with MIL-STD-883, 
defines design, packaging, material, marking, sampling, 
qualification and quality system requirements for military 
devices. 

GROUP DATA 

Group A and B data is taken on every inspection lot per 
MIL-STD-883, Class B requirements. This data, along with 
Generic Group C and D can be supplied upon written 
request, with your device shipment. Your Lattice sales 
representative can advise you of charges and leadtime 
necessary for providing this data. 

STANDARD MILITARY DRAWINGS 

Lattice actively supports the DESC Standard Military Draw- 
ing (SMD) Program. The SMD Program offers a cost 
effective alternative to source control drawings and pro- 
vides standardized MIL-STD-883 product specifications to 
simplify military procurement. 

Lattice recognizes the growing demand for SMD qualified 
devices, and in response, all new 883 products released by 
Lattice will be submitted to DESC for SMD qualification. 
Customers may facilitate this process by submitting a 
"Nonstandard Part Approval Request", DD Form 2052, to 
DESC. This form allows you to recommend to DESC the 
qualification of Lattice devices to SMD status. 
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Military Program Overview 



MILITARY SCREENING FLOW 
(TABLE I) 


MILITARY QUALITY CONFORMANCE 
INSPECTIONS (TABLE II) 


Requirement 



internal Visual 


Temp. Cycling 


Constant Acceleration 


Hermeticity 

Fine 

Gross 


Endurance Test 


Retention Test 


Pre Burn-in Electrical 


Dynamic Burn-in 


Post Burn-in Electrical 


Final Electrical Test 


Final Electrical Test 


Final Electrical Test 


External Visual 


QCI Sample Selection 


M.IMI 


2001 Cond. E, Yt axis 


1014 

Cond. A or B 
Cond. C 


Unbiased Bake 
24 Hrs. 
Ta=180°C 


Applicable Device 
Specification 
T C = 25°C 


Applicable Device 
Specification 
T C » 25°C 
PDA = 5% 


Applicable Device 
Specification 
T C = 125°C 


Applicable Device 
Specification 
Tc = 55°C 


Applicable Device 
Specification 
T C = 25°C 


MIL-M-38510 
Sec. 4.5 and 
MIL-STD-883 
Sec. 1.2 



Subgroup 


GROUP A: Electrical Te: 


Subgroups 1 , 7, 9 
Electrical Test 
Subgroups 2, 8A, 10 
Electrical Test 
Subgroups 3, 8B, 1 1 
Electrical Test 


GROUP B: Mechanical Tests 



Subgroup 2 

Solvent Resistance 
Sungroup 3 
Solderability 

Subgroup 5 

Bond Strength 

2015 

2003 

2011 

GROUP C: Chip Integrity Tests 

Sungroup 1 


Dynamic Life Test 

1005, 1,000 Hrs., 125°C 

End Point Electrical 

Applicable Device Spec. 

Subgroup 2 


Unbiased Retention 

1,000 Hrs., 150°C 

End Point Electrical 

Applicable Device Spec. 

GROUP D: Environmental Integrity 

Sungroup 1 


Physical Dimensions 

2016 

Subgroup 2 


Lead Integrity 

2004, Cond. B 

Hermeticity 

1014 

Subgroup 3 


Thermal Shock 

1011, Cond. B, 15 Cycles 

Temp. Cycle 

1010, Cond. C, 100 Cycles 

Moisture Resistance 

1004 

Hermeticity 

1014 

Visual Examination 

1004, 1010 

Endpoint Electrical 

Applicable Device Spec. 

Subgroup 4 


Mechanical Shock 

2002, Cond. B 

Vibration 

2007, Cond. A 

Constant Acceleration 

2001, Cond. E, Yi axis 

Hermiticity 

1014 

Visual Examination 

1010, 1011 

Endpoint Electrical 

Applicable Device Spec. 

Subgroup 5 


Salt Atmosphere 

1009, Cond. A 

Hermeticity 

1014 

Visual Examination 

1009 

Subgroup 6 


Internal Water Vapor 

1018<5,000 PPM, 100°C 

Subgroup 7 


Lead Finish Adhesion 

2025 
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pLSI 1016/883 

programmable Large Scale Integration 
High-Density Programmable Logic 


Features ■ Functional Block Diagram 




PROGRAMMABLE HIGH-DENSITY LOGIC 

— MIL-STD-883 Version of the pLS1 1016 

— High-Speed Global Interconnects 

— 32 I/O Pins, Four Dedicated Inputs 

— 96 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 
HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— f max = 60 MHz Maximum Operating Frequency 

— tpd = 20 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glufi 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Three Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks < 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

pLSI/ispLSI™ DEVELOPMENT $YSfEM 
pDS Software 

— Easy to Use PC Windows^ Interface 
— Boolean Logic Compiler . 

— Manual Partitioning 
— Automatjc Place and Route 
— StaticTiming fable 
pDS+™ Software •% 

-^iSdiLii^iy Standa%Third Party Design 
Environments 

Schematic Capture, State Machine, VHDL 
— Automat Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 


the Lattice MIL-STD-883 pLSI 1016 is a High-Density 
Programmable Logic Device which contains 96 Registers, 
32 Universal I/O pins, four Dedicated Input pins, three 
Dedicated Clock Input pins and a Global Routing Pool 
(GRP). The GRP provides complete interconnectivity 
between all of these elements. 

The basic unit of logic on the pLS1 1 01 6/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, 
A1 ..B7, (see figure 1 ). There are a total of 1 6 GLBs in the 
pLSI 1016/883 device. Each GLB has 18 inputs, a pro- 
grammable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 


Copyright © 1 992 Lattice Semiconductor Corp. GAL, E 2 GMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 6555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. 

Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) September 1992. Rev. A 
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Specifications pLS1 1016/883 


Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to V C c +1 .0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 150°C 

Ambient Temp, with Power Applied . . -55 to 125°C 


1 . Stresses above those listed under the "Absolute Maximum 
Ratings" may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 



UNITS 

Tc 

Case Temperature 

-55 

+125 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAM^rlR;;;^ 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated linf>.gt^4 ) ai^ince 

10 

Pf 

V CC =5.0V, V, n =2.0V 

c 2 

Jt6 arid Clqpk Capacitance 

10 

Pf 

V CC =5.0V, V 1(0 , V v =2.0V 


1 . Guaranteedjbiit hot 1-Oo4fe tesfed. 


Data Retention Specifications 


PARAMETER 7 

MINIMUM 

MAXIMUM 

UNITS 

Data Reteafioh (at 55°C) 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

100 

CYCLES 
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Specifications pLS1 1016/883 


Switching Test Conditions 


Figure 2. Test Load 


DC Electrical Characteristics 


^ 6v^r Recommended Operating Conditions 


SYMBOL 

PAF^feflPf , S J\ 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Lovv;VoJtag^, :; -4> 

l OL =8 mA 

- 

- 

0.4 

V 

VOH 

Output : Righ yoltaige 

Iqh =_ 4 mA 

2.4 

- 

- 

V 

IlL 

Input 6r 1/0 LdW:i.|ak 9 g : e Current 

0V<V 1N <V 1L (MAX.) 

- 

- 

-10 

mA 

IlH 

Jiip|^,or i/0 High Leakage Current 

> 8 

VI 

z 

> 

VI 

X 

> 

- 

- 

10 

pA 

IlL-PU / 

: l/P Active Puttp Current 

ov<v IN <v 1L 

- 

- 

-150 

pA 

iQjfj, 1 

. .PUtjput Shprt Circuit Current 

V cc = 5V,V 0UT 

-60 

- 

-200 

mA 

ICC2 \ 

dperajing Power Supply Current 

V IL = 0.5V, V IH = 3.0V 

^TOGGLE = 20 MHZ 

— 

100 

170 

mA 


1 . One output at a time for a maximum duration of one second (25°C only). 

2. Measured using four 1 6-bit counters. 

3. Typical values are at V cc = 5V and T c = 25°C. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V OL + 0.5V 

4700 

3900 

5pF 


Device 

Output 



Test 

Point 


Cl includes feist FixtUre^n.il'.Pfobe Capacitance. 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

< 3ns 1 0% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


5-5 


9/92. Rev. A 








Lattice 


Specifications pLS1 1016/883 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 
COND. 

i 

DESCRIPTION 1 

-60 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 


- 

MHz 

fmax (Ext.) 

- 

IT 

Clock Frequency with External Feedback ( t , u2 l t coi) 


'3$ 


MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 




MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

jk 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

- 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock ( 

13 

- 

ns 

tco2 

- 

To 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

th2 

- 

D 

GLB Reg. Hold Time after Clock H/ 

0 

- 



1 

m 

Ext. Reset Pin to Output Delay 

- 




- 

KB 

Ext. Reset Pulse Duration T 

■El 

- 

Bill 

ten 

2 


Input to Output Enable 

- 

O 

ns 

tdis 


m 

Input to Output Disable \ 

- 

D 

ns 

twh 

- 

E 

Ext. Sync. Clock Puls e.DL ratio ri, Fli^h , 

6 

- 

ns 

twl 

- 

17] 

Ext. Sync. Clock P^^e : t)uratiOjri >Lqw\V x 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Tip©, before EXt, : .Syiic! Clock (Y1, Y2) 

2.5 

- 

ns 

th5 


19 

I/O Reg. HqJd Time after: Ext; .S^rtb. Clock (Y1, Y2) 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameter use a GRP 16^ j)f 4 ; <3LBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data^^fteet for further cfetafjs: 

3. Standard 16-Bit loadable counted using GBP feedback: 

4. fmax (Toggle) may be less tban1/(twh + tWI), This.is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Tes^or^ji^ri*n^6^n> 
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Specifications pLS1 1016/883 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

Ci 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 

j:4 

4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

.. 7.3 !:::: 


ns 

tioh 

23 

I/O Register Hold Time after Clock 

1.3;. 


ns 

tioco 

24 

I/O Register Clock to Out Delay 

4¥ v: ' 

4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 


3.3 

ns 

tdin 

26 

Dedicated Input Delay C****‘* x> --v. 

- 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load I 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 


- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 


- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass Path Delay 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay .• 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XOR Path Delay 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent Path Delay 3 

- 

12.7 

ns 

tgbp 

37 

GLB RegistecBypiass Delays 

- 

1.3 

ns 

tgsu 

38 

GLB Regist|r Setup Time ^efpife Clock 

1.3 

- 

ns 

tgh 

39 

GLB |^ 9 j^ec:.>tolcf^;ime‘- : ^tlr Clock 

6.0 

- 

ns 

tgco 

40 

G(4f R%i|lehQlb^ ; ti|:€utput Delay 

- 

2.7 

ns 

tgr 

41 .. 

GLp Regist : e{. Pe : s ; ef 'to Output Delay 

- 

3.3 

ns 

tptre 


QLE| Product Tefm Reset to Register Delay 

- 

13.3 

ns 

tptoe 

.43 ::: 

PrbSiM Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptck 


GLBJPrbduct Term Clock Delay 

4.6 

9.9 

ns 

ORP 

torp \ 

45 

ORP Delay 

- 

3.3 

ns 

torpbp ' ... 

jd 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Tinting Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1016/883 


Internal Timing Parameters 1 


PARAMETER 

* 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

:! f 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 


6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled .£^^,,1 

.... -S 

, Sk 7 

ns 

Clocks 


tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

Md" 

6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

4.6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioyl/2 

53 

Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line V%\,. 

1.3 

6.6 

ns 

Global Reset 


tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference oni^’,: 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLS1 1016/883 


Lattice 


pLS1 1016/883 Timing Model 



Derivations of tsu, th and tco from the Product Tenifi Ciock 


tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - ..(tiobp %(grp4 .+ fgtpk(min)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

7.3 ns = (2.7 + 2.7+1 0.6) + (1.3)- (2.7 + £.7 + 4,6) 

th = Clock (max) + Reg h - Logic 

= ftiobp + tgrp4 + tptck( m ax j) + :: (tg h)- (tibbp4 tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#2(54 #28 41*35) 

5.3 ns = (2.7 + 2.7 + 9.9) + (6:6)<,(2.7 + Z7+ 10.6) 

tco = Clock (max) + OQtput 

= (tiobp + tg rp4 ::: +1to|ck( rriax) ) Vpjrco) + (torp + tob) 

= (#20 + #28 4 #44i) 4 (#40) % (#45 + #47) 

25.3 ns = (2.7 + 2.<+.f 9 p^+ 4.0) 

Derivations of ^v ^ ^nd tpo from the Clock GLB 

tsu # : XogiMlB.eg sti^jSfock (min) 

t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
» (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

/f.3'ns> =1 ; (i.7 10.6) + (1.3) - (6.0 + 2.7 + 1.3) 

th \ = ', Clock (max) + Reg h - Logic 

'.’X" rtgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
>./(#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7+1 0.6) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 
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Specifications pLS1 1016/883 


Pin Description 


Name 

JLCC Pin Numbers 

Description 

1/0 0-1/03 

15, 

16, 

17, 

18, 

Input/Output Pins - These are the general purpose I/O pins used by the 

1/04-1/07 

19, 

20, 

21, 

22, 

logic array. 

I/O 8-1/011 

25, 

26, 

27, 

28, 


1/0 12-1/0 15 

29, 

30, 

31, 

32, 


1/016-1/0 19 

37, 

38, 

39, 

40, 


I/O 20 - I/O 23 

41, 

42, 

43, 

44, 


I/O 24 - I/O 27 

3, 

4, 

5, 

6, 


I/O 28 - I/O 31 

7, 

8, 

9, 

10 


IN 0- IN 3 

14, 

24, 

36, 

2 

Dedicated input pins to the deyipe. 

YO 

11 




Dedicated Clock input;* ^i^This^cibpk input js ;; connected to one of the 
clock inputs of all o| ;fh.e :; <3 LBsipfi the :;d evice . 

Y1 /RESET 

35 




This pin performs two functions: - 

- Dedicated, clock input This' input * s brought into the Clock 






Distj:$^ optionally be routed to any GLB 

andWJ/O c^iidn the device. 






- A$ifd%gwlQ.) Re$ei pin which resets all of the GLB and I/O 






r&giste'N,.in the.df vice. 

Y2 

33 




Dedicated:,. Clobk input. This clock input is brought into the clock 
— and can optionally be routed to any I/O cell in the 






, devMi \ 

NO 

13 




C^Fhis .is Mactory test pin and it should be left floating or tied to V cc . 






This pjjnihould never be tied to GND. 

GND 

1, 

23 



\ Ground (GND) 

Vcc 

12, 

34 



> % 
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Lattice 


Specifications pLS1 1016/883 


Part Number Description 















Lattice 


pLSI 1024/883 

programmable Large Scale Integration 
High-Density Programmable Logic 




Features 


Functional Block Diagram 1 


• PROGRAMMABLE HIGH-DENSITY LOGIC 

— MIL-STD-883 Version of the pLS1 1024 

— High-Speed Global Interconnects 

— 48 I/O Pins, Six Dedicated Inputs 
— 144 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 60 MHz Maximum Operating Frequency 

— tpd = 20 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks ; 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows bib^al \ 
Interconnectivity 

• pLSI/ispLSI™ DEVELOPMENT 

pDS Software 
— Easy to Use PC 
— Boolean Logic C^pipil^>v.^‘| 

— Manual Partitioning 
— Automatic Place arid Rdqte 
— Static Timing Table 

pDS+™ Software V <^X W / 

— Ipduetry Sfariderd, f fiird Party Design 
Enirirortmbnts > 

-^Schernafic Capture, State Machine, VHDL 
— Automatic Partitioning 
— AutomaticPlace and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 


m 



Description 


•Tile Lattice MIL-STD-883 pLSI 1024 is a High-Density 
Programmable Logic Device which contains 144 Regis- 
ters, 48 Universal I/O pins, six Dedicated Input pins, four 
Dedicated Clock Input pins and a Global Routing Pool 
(GRP). The GRP provides complete interconnectivity 
between all of these elements. 

The basic unit of logic on the pLS1 1 024/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, 
A1 ..C7, (see figure 1 ). There are a total of 24 GLBs in the 
pLSI 1024/883 device. Each GLB has 18 inputs, a pro- 
grammable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated pins. 
All of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 


LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. 
Tel. (503) 681-01 18; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423) 


September 1992. Rev. A 
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Specifications pLS1 1024/883 


Absolute Maximum Ratings 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 150°C 

Ambient Temp, with Power Applied -55 to 125°C 

1. Stresses above those listed under the “Absolute Maximum 
Ratings" may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 


Tc 

Case Temperature 

-55 

+125 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage../^ 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 


MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

/ Dedicated Input Capacitance 

10 

Pf 

Voo^.OV, V IN =2.0V 

c 2 A 

l/b,an4.Cidbk Capacitance 

10 

Pf 

V cc =5.0V,V K) ,V > -2.0V 


1 . Guaranteed, but^ nSy 00% tested. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 


Data Retention (at 55° C) 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

100 

CYCLES 


5-14 


9/92. Rev. A 














Lattice 


Specifications pLS1 1024/883 


Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

<3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


Figure 2. Test Load 


Test Condition 

R1 

R2 

CL 

1 

4700 

390Q 

35pF 

2 Active High 

oo 

390Q 

35pF 

Active Low 

47on 

390Q 

35pF 

Active High to Z 

oo 

390Q 

5pF 

3 atV OH -0.5V 




Active Low to Z 

470Q 

3900 

5pF \ ! 

at V 0L + 0.5V 





DC Electrical Characteristics 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 



Cl includes Test Fixtiir& snd Frobe Capacitance. 


Oyer Becomnl^nded Operating Conditions 


SYMBOL 

VOL 

VOH 

In 

IlH 


PARAMETER 

Output Lpvr Voltage \y/. 
Outppt"‘yig¥t^(^ajg§^ 

Input or I/O Low Leakage Current 
Input hr I/p HighfCeakage Current 


IlL-PC I 'T/O'iAciive Rupjp Current 


ICS* \ Output Short Circuit Current 
ICC 2 Operaitfig Power Supply Current 


1 . One output at a time for a maximum duration of one second (25°C only). 

2. Measured using six 16-bit counters. 

3. Typical values are at V = 5V and T = 25°C. 


CONDITION 

MIN. 

TYP. 1 2 3 

MAX. 

UNITS 

l 0L =8 mA 

- 

- 

0.4 

V 

I 0 h —"4 mA 

2.4 

- 

- 

V 

0V<V 1N <V IL (MAX.) 

- 


-10 

pA 

> 8 

VI 

z 

> 

VI 

X 

> 

- 

- 

10 

pA 

0V<V IN <V IL 

- 


-150 

pA 

V cc = 5V,V 0UT 

-60 

- 

-200 

mA 

V IL = 0.5V, V IH = 3.0V 

^TOGGLE = ^0 MHZ 

— 

130 

215 

mA 
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Specifications pLS1 1024/883 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 
COND. 

* 

DESCRIPTION 1 

-60 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

if 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path ,/1 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 ,.J 

60 : 

\- A 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback (^Vtcoi) ! 

36% 


MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 ::: ' v ] 


/- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 


- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass '/] 

i: ' - 

13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass V '***>**A/ 

0 


ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 

0 

- 

ns 

trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

22.5 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 

- 

24 

ns 

tdis 

3 

15 

Input to Output Disable 

- 

24 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse Duration, High-; \ 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pulse Duratibp>i!bw, ;v y :;X 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Tirfie» :! bffor^:§xt.'‘^^f Clock (Y2, Y3) 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Holdfime after Ext. Syo& Clock (Y2, Y3) 

8.5 

- 

ns 


1. Unless noted otherwise, all parameters : use a : ,GRP Ic&cf x^GiLbs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further detail# 

3. Standard 16-Bit loadable counter usingGRR feedback, 

4. fmax (Toggle) may be less thah‘,17(^ig'f tyirj). Tfiis is to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test pOnditiorfe Septipn K /' ' / 
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Specifications pLS1 1024/883 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 


2.7 

ns 

tiolat 

21 

I/O Latch Delay 


4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

,,.7,3 

S-x, 

ns 

tioh 

23 

I/O Register Hold Time after Clock 

1,3 • 


ns 

tioco 

m 

I/O Register Clock to Out Delay 


4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 


3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 


ns 


tgrpl 

27 

GRP Delay, 1 GLB Load 

- 




28 

GRP Delay, 4 GLB Loads \J / 

- 

m 

ns 


29 

GRP Delay, 8 GLB Loads ' t ^ 

- 

ESI 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads \ 

- 


ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads / ^ \j^/ 

- 

EBl 

ns 



GRP Delay, 24 GLB Loads \\ 

- 

m 


GLB 


BB1 

4 Product Term Bypass P^Oei’^^^ 

- 

is 

ns 

tl ptxor 

34 

1 Product Term/XOR Path:, Delay 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XQR Path Delay 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent Pjath Pelay 3 ^ 

- 

12.7 

ns 

tgbp 

37 

GLB Register •^ypess Delay 1 

- 

1.3 

ns 

tgsu 

38 

GLB RegjstfCS&up Tijme before Clock 

1.3 

- 

ns 

tgh 

39 

GLB Register HoJ&f icptb after Clock 

6.0 

- 

ns 

tgco 

40 

^OtB^e^terCjo!^,^ Output Delay 

- 

2.7 

ns 

tgr 

. 

41 X 

•GLB Register Reset to Output Delay 

- 

3.3 

ns 

tptre 

(m 

GLB Prodiiblferm Reset to Register Delay 

- 

13.3 

ns 

tptoe 

43:"' 

GL^BpScluct Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptck. 

)4# 

GDB, Product Term Clock Delay 

4.6 

9.9 

ns 

ORP 

torp 

45 

ORP Delay 

- 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 


5-17 


9/92. Rev. A 



















Lattice 


Specifications pLS1 1024/883 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 


4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled j 

! Mii. • 

6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 


X?;, 

ns 

Clocks 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

ML6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only.;: 

2. Refer to Timing Model in this data sheet for further details. 
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pLS1 1024/883 Timing Model 


Specifications pLS1 1024/883 


GLB ORP I/O Cell 



Derivations of tsu, th and too from the Product Term CtbcK 


tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tlpbp : + l^rp 4 ^ tpt^|^(rn in)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + 1M%V\ 

7.3 ns = (2.7 + 2.7+1 0.6) + (1 .3) - (2.7 + 2.7 + 4.6) . 

th = Clock (max) + Reg h - Logic / 

= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) ; " (#20 + #28 +#5) 

5.3 ns = (2.7 + 2.7 + 9.9) + (6.0) - (?.7 + 2.7;;\1>.?) 

tco = Clock (max) + Reg 

= (tiobp + tgrp4 ,+;t^tc|{:mlX:).]i + (tgc6) + (torp + tob) 

= (#20 + #28 + 44 $) f ^4^ x |#45 + #47) 

25.3 ns = (2.7 + 2.7 4&$) 4.0) 

Derivations of ts^rtt) and tco from the Clock GLB 

tsu = ^ic\^su^^6k (min) 

* (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
/> : 4#^P >#28 : +;#35) + (#38) - (#50 + #40 + #52) 
j4 nN. , : |2# + 2,? + 1 0.6) + (1 .3) - (6.0 + 2.7+1 .3) 
th "\= Clock (max) + Reg h - Logic 

K (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
=,>(#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7+1 0.6) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 
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Specifications pLS1 1024/883 


Pin Description 


Name 

JLCC Pin Numbers 

Description 

1/0 0-1/03 

22, 

23, 

24, 

25, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

26, 

27, 

28, 

29, 

logic array. 

I/O 8-1/011 

30, 

31, 

32, 

33, 


1/012-1/015 

37, 

38, 

39, 

40, 


1/016-1/019 

41, 

42, 

43, 

44, 


I/O 20 - I/O 23 

45, 

46, 

47, 

48, 


I/O 24 - I/O 27 

56, 

57, 

58, 

59, 


I/O 28 - I/O 31 

60, 

61, 

62, 

63, 


I/O 32 - I/O 35 

64, 

65, 

66, 

67, 


I/O 36 - I/O 39 

3, 

4, 

5, 

6, 


I/O 40 - I/O 43 

7, 

8, 

9, 

10, 


I/O 44 - I/O 47 

11, 

12, 

13, 

14 


IN 0- IN 3 

21, 

34, 

49, 

55, 

Dedicated input pins Srthe device.:; 

IN 4 -IN 5 

2, 

15 




RESET 

20 




Active Low ^dpSeset pip which resets all of the GLB and I/O registers 
in the device. • ... 

YO 

16 




Dediqaiip dfqck input J : Jhis clock input is connected to one of the 
clock inputs of all of thpt3LBs on the device. 

Y1 

54 




..Dedicated dlqck jhptit. This clock input is brought into the clock 
neM^, and can optionally be routed to any GLB on the 






device. 

Y2 

51 




‘^^jbat^^bck input. This clock input is brought into the clock 





: v : % 

v. diStributfpii network, and can optionally be routed to any GLB and/or 
f nyj/p : cell on the device. 

Y3 

50 




Dedicated clock input. This clock input is brought into the clock 
. ’> distribution network, and can optionally be routed to any I/O cell on the 






^'device. 

NO 

19 




This pin should be left floating or tied to V cc . 

This pin should never be tied to GND. 

GND 

. i. 

::,18,< 

, 

>52 

Ground (GND) 

Vcc 

/ . 1 7 % 

: s§, ' 


68 

Vcc 
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Specifications pLS1 1024/883 


Pin Configuration 


pLS1 1024/883 JLCC Pinout Diagram 


QQQQQQQzgOQQQQQQQ 



I 1/0 28 
I 1/0 27 
| I/O 26 
| I/O 25/ 

I l/Q^if 

3 % 

Ki\ 

I vcc\ 
Lgnd 
I ' ' 

f ya, 

r in 1 / 

h#0 23 

i/0 22 
1/0 21 
I/O 20 
| I/O 19 


Package Diagram 
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Lattice 


pLSI 1032/883 

programmable Large Scale Integration 
High-Density Programmable Logic 




Features 


Functional Block Diagram _| 


• PROGRAMMABLE HIGH-DENSITY LOGIC 

— MIL-STD-883 Version of the pLS1 1032 

— High-Speed Global Interconnects 

— 64 I/O Pins, Eight Dedicated Inputs 
— 192 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 60 MHz Maximum Operating Frequency 

— tpd = 20 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows Global 
Interconnectivity 

• pLSI/ispLSI™ DEVELOPMENT SYSTEM (pDSfO 

pDS Software 

— Easy to Use PC Windows™ lnterface 
— - Boolean Logic Compiler 
— Manual Partitioning 
— Autimatic PIace and Route ,/ 

— Static Tifping Table 

pDS+™ Software 

-r Industry Standard, Third Party Design 
inyiroirifhents 

— Schematic Capture, State Machine, VHDL 
— Automaticpartitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



The Lattice MIL-STD-883 pLSI 1032 is a High-Density 
programmable Logic Device which contains 192 Regis- 
ters, 64 Universal I/O pins, eight Dedicated Input pins, four 
Dedicated Clock Input pins and a Global Routing Pool 
(GRP). The GRP provides complete interconnectivity 
between all of these elements. 

The basic unit of logic on the pLS1 1 032/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A1 .. D7, (see figure 1 ). There are a total of 32 GLBs in the 
pLSI 1032/883 device. Each GLB has 18 inputs, a pro- 
grammable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 


Copyright © 1992 Lattioe Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 6555 Northeast Moore Ct. Hillsboro, Oregon 97124, U.S.A. September 1992. Rev. A 

Tel. (503) 681 -01 18; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) 
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Specifications pLS1 1032/883 


Absolute Maximum Ratings 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to V C c +1 .0V 

Storage Temperature -65 to 150°C 

Ambient Temp, with Power Applied -55 to 125°C 

1 . Stresses above those listed under the "Absolute Maximum 
Ratings" may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

> MIN. 

MAX. 

UNITS 

Tc 

Case Temperature 

-55 

+125 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1 .0 MHz) 


SYMBOL 

PARAMETER ^ 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated 1 n p.dt .Q^piaciT^be 

10 

Pi 

V CO =5.0V, V in =2.0V 

c 2 

I/O aridpidcK Capacitance 

10 

Pf 

V CC =5.0V, V„ 0 , V y =2.0V 


1 . Guaranteed bi# : hdt 1 O0% : testecl> 


Data Retention Specifications 


PARAMETER '> 

MINIMUM 

MAXIMUM 

UNITS 

Data Retenti%fat 55°C) 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

100 

CYCLES 
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Specifications pLS1 1032/883 


Switching Test Conditions 


Figure 2. Test Load 


DC Electrical Characteristics 


Qv^r Reconjifiended Operating Conditions 


SYMBOL 

PARAMEJ^3; : 4:> 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Cow : Vdltage\ 

l 0L =*8 mA 

- 

- 

0.4 

V 

VOH 

Output High Voltage ' 

Iqh = *4 mA 

2.4 

- 

- 

V 

IlL 

./inpitt,or|/0 Lpw Leakage Current 

0V<V IN <V IL (MAX.) 

- 

- 


|liA 

IlH 

lnjriu|^rJ/d ft|H Leakage Current 

8 

> 

VI 

z 

> 

VI 

i 

> 

- 

- 

mm 

pA 

iil-pux: 

V I/O AOtiyajPoil-Up Current 

0V<V iN <V IL 

- 

- 

-150 

pA 

losl \ 1 

/Output Short Circuit Current 

Vcc = 5V,V out = 0.5V 

-60 

- 

-200 

mA 

IC©2\ 

Operating Power Supply Current 

V 1L = 0.5V, V 1H = 3.0V 

t TOGGLE = 20 MHZ 


135 

220 

mA 


1 . One output It a time for a maximum duration of one second (25°C only). 

2. Measured using eight 16-bit counters. 

3. Typical values are at V cc = 5V and T c * 25° C. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

i 

Active Low to Z 
at V 0L + 0.5V 

4700 

3900 

5pF / 


Device 

Output 



Test 

Point 


C|_ includes Test-fixture arid, Pro bCCapacitance. 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

<3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 
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External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 
COND. 

# 2 

DESCRIPTION 1 

-60 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 

- 

20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 


- 

MHz 

fmax (Ext.) 


4 

Clock Frequency with External Feedback ( t>u2 + teo1 ) 

38 : 

x_ | - | 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 



MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 



ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass ’ v *\ w 


13 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

* 0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock \ 

13 

- 

ns 

tco2 


m 

GLB Reg. Clock to Output Delay 

- 

q 

ns 

th2 

- 

ED 

GLB Reg. Hold Time after Clock 

0 

- 



1 

m 

Ext. Reset Pin to Output Delay 

- 


ns 


- 

ID 

Ext. Reset Pulse Duration C 

13 

- 

ns 

ten 

2 

ID 

Input to Output Enable 

- 

24 

ns 

tdis 


ID 

Input to Output Disable 

- 

24 

ns 

twh 

- 


Ext. Sync. Clock Pulse Duration, Hj^K. 

6 

- 

ns 

twl 

- 

IB 

Ext. Sync. Clock Pulse Quratipn, Low : : 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Time,bbf|re %nc. 6|b€k (Y2, Y3) 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Tim&aftpr ifct Syftp. C^ibck (Y2, Y3) 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters use a GRP load pf 4 fet SC 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet fop; jurther details^, 

3. Standard 16-Bit loadable counter using <3RP feedback. 

4. fmax (Toggle) may be less than 1/(tWb. + tvyl). this is p allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Conditions; Section, 
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Specifications pLS1 1032/883 


Internal Timing Parameters 1 


PARAMETER 

* z 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 


2.7 

ns 

tiolat 

21 

I/O Latch Delay 

/zi 

4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock ,/ •] 


- 

ns 

tioh 

23 

I/O Register Hold Time after Clock .jKc w#w | 

,4,3 


ns 

tioco 

24 

I/O Register Clock to Out Delay 


: 4/ 

ns 

tior 

25 

I/O Register Reset to Out Delay 


3.3 

ns 

tdin 

26 

Dedicated Input Delay 


5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

tgrp32 

32 

GRP Delay, 32 GLB Loads 

- 

10.6 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass Path D^lay H\\ 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay 

- 

9.3 

ns 

N? 

0 

1 

35 

20 Product Term/XOR Path D&ay 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent Path. Delay 3 

- 

12.7 

ns 

tgbp 

37 

GLB Register Bypass Delay:;; \ j 



1.3 

ns 

tgsu 

38 

GLB Register-Setup Time betajeClock 

1.3 

- 

ns 

tgh 

39 

GLB Register Hold time after Clock 

6.0 

- 



40 

GLB Ftegfoter dlo(^fQ; :: 6dtput Delay 

- 

m 


tgr 

41 

,GLB -.Register' %e§6l& Output Delay 

- 



BS B 

El 

GhjB F?rod UG|t : T erifi Reset to Register Delay 

- 




El 

&£& ^IJroSil^ferm Output Enable to I/O Cell Delay 

- 


B 

tptck 

44::" 

GLB Product Term Clock Delay 

m 

iSEl 

ns 

ORP \)J 

torp 


ORP Delay 

- 

3.3 

ns 

torpbp 

:: 46 ' 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications pLS1 1032/883 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 


4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 


6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 


6.7 

ns 

Clocks 

tgyO 


Clock Delay, YO to Global GLB Clock Line (Ref. clock) | 

m 

m 

901 


51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

m 

m 


tgcp 

m 

Clock Delay, Clock GLB to Global GLB Clock Line 


6.6 

ns 

KSSHI 


Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

m 

m 


tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 


- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 


5-28 


9/92. Rev. A 











Specifications pLS1 1032/883 


pLS1 1032/883 Timing Model 


I/O Cell GRP GLB ORP I/O Cell 


Feedback 



Derivations of tsu, th and tco from the Product Term Qfocfe 

tsu = Logic + Reg su - Clock (min) /ip \ 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp: + tgrp4 + tptck(minj) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

7.3 ns = (2.7 + 2.7+1 0.6) + (1 .3) - (2.7 + 2.7 

th = Clock (max) + Reg h - Logic VC/ 

= (tiobp + tgrp4 + tptck(max)) + (tgh), - (tiofc>p..+'tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 + #28 + faip 

5.3 ns = (2.7 + 2.7 + 9.9) + (6.0) - .(2.7 + 2.7 + 1 0.6) 

tco = Clock (max) + Reg cp + Output 

= (tiobp + tgrp4 + tpffck(m.ax)) + (tg<b)4 (torp + tob) 

= (#20 + #28 + #44|4*0K (#4&4#47) 

25.3 ns = (2.7 + 2.7 + 0$ ifcl) + (3%.^t)j 

Derivations of tsu*th and Jed tfie Clock GLB 

tsu = Lpgi|4 RjegJisu - Olock^imin) 

= f jio ^ ^ xo r) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 

+ #^8>#35) : + (#38) - (#50 + #40 + #52) 

7.3 :: ;: |2.| + 2,7 + #6) + (1 .3) - (6.0 + 2.7+1 .3) 

tb \/*Jd'ck (rrfex) + Reg h - Logic 

, = (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
V (il#+ #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns /(6v6 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7 + 10.6) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 
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Specifications pLS1 1032/883 


Pin Description 


Name 

PGA Pin Numbers 

Description 

I/O 0-1/0 3 

FI, 

HI, 

H2, 

J1, 

1 nput/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

K1, 

J2, 

LI, 

K2, 

logic array. 

1/08-1/0 11 

K3, 

L2, 

L3, 

K4, 


1/012-1/015 

L4, 

J5, 

K5, 

L5, 


1/016-1/0 19 

L7, 

K 7, 

L6, 

L8, 


I/O 20 - I/O 23 

K8, 

L9, 

L10, 

K9, 


I/O 24 - I/O 27 

L1 1, 

K10, 

J10, 

Klip 


I/O 28 - I/O 31 

J11, 

H10, 

H11, 

F10, 


I/O 32 - I/O 35 

E9, 

Dll, 

DIO, 

C11, 


I/O 36 - I/O 39 

B.11, 

CIO, 

All, 

BIO, 


I/O 40 - I/O 43 

B9, 

A10, 

A9, 

B8, 


I/O 44 - I/O 47 

A8, 

B6, 

B7, 

A7, 


I/O 48 - I/O 51 

A5, 

B5, 

C5, 

A4, 


I/O 52 - I/O 55 

B4, 

A3, 

A2, 

B3, 


I/O 56 - I/O 59 

A1, 

B2, 

C2, 

B1, 


I/O 60 - I/O 63 

Cl, 

D2, 

D1, 

E3 


IN 0- IN 3 

G2, 

K6, 

J 7, 

G10 

Ded icated i npdtpin S:;to the,deyjs|f 

IN 4 -IN 7 

E10, 

C7, 

A6, 

E2 

■X \ 

RESET 

G1 




ActiybLbyv (Oj Resdipifii: Which resets all of the GLB and I/O registers 
in the devise. 

YO 

El 




./BediMpd CibcH#but. This clock input is connected to one of the 
:: .clock'thpofS: : of alf of the GLBs on the device. 

Y1 

Ell 




input. This clock input is brought into the clock 






distnbutip#network, and can optionally be routed to any GLB on the 
device.’/' 

Y2 

G9 




Dedicated Clock input. This clock input is brought into the clock 
%(piTibution network, and can optionally be routed to any GLB and/or 






4 :: any I/O cell on the device. 

Y3 

G11 




:: ' v Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 






device. 

NC 

J$S\ 




This pin should be left floating or tied to 

This pin should never be tied to GND. 

GND 

Jbft 

P3, 

F9, 

J6 

Ground (GND) 

vcc 

f2, 




Vcc 
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Pin Configuration 


pLS1 1032/883 PGA Pinout Diagram 


11 10 9 8 7 6 5 4 3 2 1 y 

^038^ ^04^ ^042^ ^047^ (v048^ ^05^ ^F053^ ^)54^ ^056^ / 

^1/036^ ^V039^ ^040^ Q ^046^ ^045^ ^1/04^ ^052^ (^®) (^°57^ ^059^- | 

^1/035^ ^03^ ^050^ fc .,v ; 


^032^ 

Q ^1/03^ ^3NC^ 


... (1/061 ) (1/062 ) 0 


i/063 ]\hm ) [ yo ) e 


pLSi 1032/883 


BOTTOM VIEW 


^/0(^ 


*f6 ) ( INO J (reset) g 


^/O^ H 


^1/028^ ^026^ Q Q J 

^1/027^ ^025^ ^1/023^ ^20^ ^014^ ^O^ ^O^ K 

(l/024^ ^022^:-^2j^ ^^9^ ^018^ ^015^ ^012^ (^01^ ^O^ ^/O^ L 
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Package Diagram 


Specifications pLS1 1032/883 


84-Pin PGA 

Dimensions in inches MIN./MAX. 
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Lattice 


pLSI™ 1048/883 

programmable Large Scale Integration 
High-Density Programmable Logic 


Features 


I 


Functional Block Diagram 


• PROGRAMMABLE HIGH-DENSITY LOGIC 

— MIL-STD-883 Version of the pLS1 1048 

— High-Speed Global Interconnects 

— 96 I/O Pins, Ten Dedicated Inputs 

— 288 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— f max = 50 MHz Maximum Operating Frequency 

— tpd = 24 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

— Electrically Erasable and Re-Programmable 
— 100% Tested 

> COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Gjue \ 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pool Allows GEobaL, 
Interconnectivity 

• pLSI/ispLSI™ DEVELOPMEfif SYST^M (pPS^> :/ 

pDS Software 

— Easy to Use PC Windows™ Interface 
— Boolean Logic Compiler 
— Manual Partitioning 
— Automatic PJace aocI Route 
— Static Timing Table 

p D S+^Softwaire^ 

Ihduetfy Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 


Output Routing Pool 


Output Routing Pool 


ElllEIBIEllEIEiElIS [e7|[e6||es He4]|e3[[e^ |ei]|eo[ 


Global Routing Pool (QRP) Array ]{=j GLB " 




! OutpuViRoutin^Pabi > I | ./^Output Routing Pool | 

| rTTITTTTTl FTTfl illtl I 



Description 


The Lattice MIL-STD-883 pLSI 1048 is a High-Density 
Pro^rammahl| Logic Device which contains 288 Regis- 
ters, 96 lJniv6rsal I/O pins, ten Dedicated Input pins, four 
|Dedrcafe|Gl Clock Input pins and a Global Routing Pool 
(GRP). The GRP provides complete interconnectivity 
tMwfeen all of these elements. 

the basic unit of logic on the pLS1 1 048/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, 
A1 ..F7, (see figure 1 ). There are a total of 48 GLBs in the 
pLSI 1048/883 device. Each GLB has 18 inputs, a pro- 
grammable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 


LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct„ Hillsboro, Oregon 97124, U.S.A. 
Tel. (503) 681-01 18; FAX (503) 681-3037; Applications Hotline; 1 -800-LATTICE (528-8423) 


September 1992. Rev. A 
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Specifications pLS1 1048/883 


Absolute Maximum Ratings 


Supply Voltage Vcc. -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature -65 to 150°C 

Ambient Temp, with Power Applied -55 to 125°C 

1 . Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

* ~min! 

MAX. 

UNITS 

Tc 

Case Temperature 

'/• -55 

+125 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 


Vcc+ 1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicated fnpLit 

10 

Pf 

Vcc=5.0V, V in =2.0V 

C 2 

1/Q.anH Clock C-aipacftance 

10 

Pf 

V CC =5.0V, V„ 0 , V y =2.0V 


1 . Guaranteed but, ; nbtTOO%::testedi ; . 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention (at 55° C) 

20 


YEARS 

Erase/ReproQram Cycles 

- 

100 

CYCLES 
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Specifications pLS1 1048/883 


Switching Test Conditions 


Input Pulse Levels 

GNDto3.0V 

Input Rise and Fall Times 

< 3ns 1 0% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


Figure 2. Test Load 


+ 5V 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

470Q 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V 0L + 0.5V 

4700 

3900 




DC Electrical Characteristics 


Over Reconunended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output L6\y Voltage . 

l 0L =8 mA 

- 

- 

0.4 

V 

VOH 

Output ftig ly Voltage • 


l 0H =-4 mA 

2.4 


- 

V 

IlL 

JnpiSt:^. I/O LpvRpaki 

age Current 

0V^V IN ^V tL (MAX.) 

- 


-10 

pA 

IlH / 

/Input or I/O. Higf> : Leakage Current 

> 8 

VI 

z 

> 

VI 

X 

> 

- 


10 

pA 

IlL-FU, 

I/O Active Pull-Up Current 

0V<V IN <V IL 

- 


-150 

pA 

losi 

putput Short Circuit Current 

V co = 5V,V out 

-60 


-200 

mA 

ICC2 

Operating Power Supply Current 

V IL = 0.5V, V 1H = 3.0V 

fjOGGLE = 20 MHZ 

— 

165 

260 

mA 


1 . One output at a time for a maximum duration of one second (25°C only). 

2. Measured using twelve 1 6-bit counters. 

3. Typical values are at V cc = 5V and T c = 25°C. 
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External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 
COND. 

* 2 

DESCRIPTION 1 

-50 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


24 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


30.7 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 


>, - 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback (iiSaTtcoi) 

3T:% 

'V> 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

,704 ; :; 

/- 

MHz 

tsul 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

. 12? 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

* - 

16 

ns 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

16 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 


- 

18.7 

ns 

th2 

- 

11 

GLB Reg. Hold Time after Clock 


0 

- 

ns - 

trl 

1 

12 

Ext. Reset Pin to Output Delay 

- 

22.7 

ns 

trwl 

- 

13 

Ext. Reset Pulse Duration 

13 

- 

ns 

ten 

2 

14 

Input to Output Enable 


26.7 

ns 



m 

Input to Output Disable 

0 

im 



- 

16 

Ext. Sync. Clock Pulse D.uTatip n , 

7 

- 

ns 

twl 

- 

EB 

Ext. Sync. Clock Pul^l^iraitiqpjbo^. \y 

7 

- 

ns 


- 

18 

I/O Reg. Setup Tirffe before.. Ext/§^n&Clock (Y2, Y3) 

m 

- 

ns 

th5 

- 

19 

I/O Reg. Hold ;: :T,ime after Ext. Syribi Clock (Y2, Y3) 



ns 


1 . Unless noted otherwise, all parameter^ use a GRP lo|d jOLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet fpr further details* 

3. Standard 16-Bit loadable counter^sin^'^feed^^/ 

4. fmax (Toggle) may be less th^'1/($#b# twl j/TTi is rs.tdi allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Qohditiofts Sectiba > 
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Internal Timing Parameters 1 


PARAMETER 


DESCRIPTION 

-50 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

<i- 1 

4.0 

ns 

tiolat 

21 

I/O Latch Delay 


5.3 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

.,84 


ns 

tioh 

23 

I/O Register Hold Time after Clock 

0.9 

:: y/” 

ns 

tioco 

24 

I/O Register Clock to Out Delay 


3.9 

ns 

tior 

25 

I/O Register Reset to Out Delay \JS] 


4.6 

ns 

tdin 

26 

Dedicated Input Delay / 

- 

8.0 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

3.3 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

4.0 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

5.3 

ns 

tgrp12 

30 

GRP Delay, 12 GLB Loads \ 

- 

6.7 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads / <. 

- 

8.0 

ns 

tgrp48 

32 

GRP Delay, 48 GLB Loads \ ’/• ,/ 

- 

21.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass ' 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR P^NDeiay 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/WR Path N||ay\/|/ 

- 

10.0 

ns 

txoradj 

36 

XOR Adjacent .Path Qelay 3 

- 

12.7 

ns 

tgbp 

37 

GLB RegistehByjjgiSs belay/ ,/ 

- 

1.3 

ns 

tgsu 

38 

GLB Re^jsterSdtup TijTie before Clock 

2.0 

- 

ns 

tgh 

39 

GLi jBegieteir Hlbl^f rftle :: after Clock 

8.0 

- 

ns 

tgco 

40 

...©tB^e^ter'^Jp^^ii Output Delay 

- 

3.3 

ns 

tgr 

4,1- ' 

GLB Register R.e6et to Output Delay 

- 

3.3 

ns 

tptre 

(42: 

SCB Prod ucf- f erm Reset to Register Delay 

- 

13.3 

ns 

tptoe 

43::" 

GLS -Pf'ipuct Term Output Enable to I/O Cell Delay 

- 

11.9 

ns 

tptck. 

)¥ 

GJlB. Product Term Clock Delay 

4.6 

9.9 

ns 

ORP 

torp 

: : 45 

ORP Delay 

- 

4.7 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

2.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Internal Timing Parameters 1 


PARAMETER 

i 

DESCRIPTION 

-50 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

/- f 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled / 


6.7 

ns 

todis 

49 

I/O Cell OE to Output Disabled 


i:: 47. 

ns 

Clocks ) 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


: 6.7 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 


8.0 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

’ 1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line \ 

5.3 

8.0 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.3 

6.6 

ns 

Global Reset 


tgr 

55 

Global Reset to GLB and I/O Registers 

- 

10.6 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLS1 1048/883 


pLS1 1048 883 Timing Model 



U Input 
D Register q 

n RST 

#21 - 25 



20 PT 

XOR Delays 


GLB Reg 
Delay 

D Q - 


i (Output) 
#48, 49 




#55 J 


#38, 39, 


[ 



3 

J 

40, 41 

'ft — 

" 0 \. 


Clock I 
Distribution 


Control re ' 
► PTs OE - 

#42, 43, CK - 
44 


Derivations of tsu, th and tco from the Product Teriji Clock 


tsu = Logic + Reg su - Clock (min) % .. 

= rtiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp V%rp4Xt^k(rfiin)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44} : ' • 

7.4 ns = (4.0 + 4.0+1 0.0) + (2.0) - (4.0 + 4.0-4 4.6)- 

th = Clock (max) + Reg h - Logic 

= rtiobp + tgrp4 + tptck(max)) Vftgih) - (tiobjp + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#3.9). - (#20 + : #28 
7.9 ns = (4.0 + 4.0 + 9.9) + (8.0) - %0 + 4.Q + 1 0.0) 

tco = Clock (max) + Regc^j -^ . Output 

= rtiobp + tgrp4 + tptck(:maiX:)) + (tgcd) + (torp + tob) 

= (#20 + #28 + #4i|) i {#4Q): : + |#45 + #47) 

29.9 ns = (4.0 + 4.0 4 9,9) + (3,3) + : (4.t+ 4.0) 

Derivations of ts^ th ahd tco from the Clock GLB 

tsu * Lpg ic : 4: ; R|eg s u - Cjjobk (min) 

ffebbp + fg rp4 ,+: t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
» (#20 4 #28 4 #35) + (#38) - (#50 + #40 + #52) 

8:7 ni^ + 4.(3 +1 0.0) + (2.0) - (6.7 + 3.3+1 .3) 

th \ = 6 lock (max) + Reg h - Logic 

K (tgjyib(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
->(#&0 + #40 + #52) + (#39) - (#20 + #28 + #35) 

6.6 ns = (6.7 + 3.3 + 6.6) + (8.0) - (4.0 + 4.0 + 10.0) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

28.6 ns = (6.7 + 3.3 + 6.6) + (3.3) + (4.7 + 4.0) 


8:t n&F 

thf\ - 
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Specifications pLS1 1048/883 


Pin Description 


Name 

PGA Pin Numbers 

Description 

I/O 0-1/05 

J2, J3, K1, LI, K2, Ml, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 6-1/011 

L2, K3, N1, M2, L3, PI, 

logic array. 

1/012-1/0 17 

M3, P2, N3, M4, P3, N4, 


1/0 18-1/0 23 

P4, M5 N5, P5, M6, N6, 


I/O 24 - I/O 29 

N9, M9, P10, P11, N10, P12, 

. i. 

I/O 30 - I/O 35 

Nil, M10, P13, N12, Mil, PI 4, 


I/O 36 - I/O 41 

M12, N14, M13, L12, M14,L13, 


I/O 42 - I/O 47 

LI 4, K12, K13, K14, J12, J13, 

X; > ‘ 

I/O 48 - I/O 53 

FI 3, FI 2, El 4, D14, E13, C14, 


I/O 54 - I/O 59 

D13, El 2, B14, Cl 3, D12, A14, 


I/O 60 - I/O 65 

C12, A13, B12, C11, A12, B11, 

‘V ■ / 

I/O 66 - I/O 71 

All, CIO, BIO, A10, C9, B9, 


I/O 72 - I/O 77 

B6, C6, A5, A4, B5, A3, 


I/O 78 - I/O 83 

B4, C5, A2, B3, C4, A1, 


I/O 84 - I/O 89 

C3, B1 , C2, D3, Cl, D2, 


I/O 90 - I/O 95 

D1, E3, E2, El, F3, F2 


IN 0 - IN 5 

J1, P6, — , P8, P9, J14, 

Dedicated input pj ns. to thdodey ice! (IN 2 and IN 9 not available) 

IN 6 - IN 1 1 

FI 4, A9, A8, — , A6, FI 


RESET 

HI 

Active Lowi^el^iin^fitehf-reiets all of the GLB and I/O registers 
in the device. 

YO 

G1 

Dedicated Otock ipput.) This clock input is connected to one of the 
clock inputs of ^ll of thf CaLBs on the device. 

Y1 

G14 

Defeated ^ : 6|pckilnpdt. This clock input is brought into the clock 
distribuifion ndtwdrk, and can optionally be routed to any GLB on the 

. HAVlM 

Y2 

H13 /Y 

vMvVIwwi 

seated clock input. This clock input is brought into the clock 
dWrlbutiW network, and can optionally be routed to any GLB and/or 
... any T/Q cell on the device. 

Y3 

HI 4 

Depfbated clock input. This clock input is brought into the clock 
> distribution network, and can optionally be routed to any I/O cell on the 
f/device. 

GND 

B2, B8, ,Bl.3i C8>-H3>..fcM2;i 
M8, N2, N8, N13. 

Ground (GND) 

Vcc 

B7, 07, S2j ©<2,(313, 

M7, N7 

Vcc 

NC 

A7, P7, H2 

These pins should be left floating, never connect these pins to ground. 
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Specifications pLS1 1048/883 


Pin Configuration 


pLS1 1048/883 PGA Pinout Diagram 


14 13 1Z 11 10 9 B 7 b b 4 3 Z 1 / 

^/059^ ^/061^ ^1/06^ ^066^ ^/06^ ^1/074^ ^1/075^ ^1/077^ 

^/056^ ^3ND^ ^62^ ^/065^ ^068^ ^07^ ^3ND^ ^0^ ^076^ ^/Q78^ ^08^ ^3ND^ ^85^ B 

^/Q53^ ^/057^ ^06^ ^/063^ ^1/067^ ^070^ ^3ND^ ^073^ (tf07^ ^082^ ^08^ ^/086^ ^88^ : G 

^1/05^ ^1/054^ ^058^ 

^^.. .^08^ D 

^05^ ^1/052^ 

^048^ ^^ 9 ) 

•:;. ^7093^ E 

'■■■■■,^JQ94^ ^/095^ ^N1^ F 


pLS1 1048/863 . (*“) (^) G 


BOTTOM VIEW \ : (j^) (^T) ^0) H 

^047^ ^046^ 

^NC^ J 

^04^ ^1/044^ ^043^ 

^/O^ ^/o^ ^/02^ K 

Q ^04^ ^/Q39^ 

f\lf~SAft\ f^inio^\ ^^/rvi^\' : : 

^/o™) ^/o^ ^/o^ L 

•^^/rv£h\ ^/noo\ ^/ni^ /r/nn^ ^/rv^ ^ /n^ IU 

VC/ W V37 v^7 sD/AC/ 

(vOS7^ !^Sj) j^30^' :::; ^$^ ^024) ^3ND^ Q ^023^ ^020^ ^1/017^ ^OU^ ^GND^ N 

^^5^ A^^2^ (j/02^ ^/Ois) ^016^ ^013^ ^/O^ P 
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Specifications pLS1 1048/883 


Package Diagram 


132-Pin PGA 

Dimensions in inches MIN./MAX. 



jH 


0.080 MAX. DIAMETER 

21110^8 7 6 5 4 S y 2 € 

S> ® © ® ©i© ©;®'® : ©Ai® B 
i> © © © ©i© ,©' ©.©^©'® ^ :Q 
•> !>•■’ ... ® 

•> E 

E> F 

_| _© © © ta 

9 y if “■ r t ■ . ©:^® 

!>" !/' ® © "J 

ITS ®©> K 

b i'\ L 

>> © © ©;.©!© ©■’::©.'®: ; .® © © M 

5 © © © ®|® © © .©' © © © N 
a. © © © © ©. © © © © © s? p 

'■‘^r^-fYP. — J 1- 

?^*rr1 .300 BSC 


Number Description 



pLSI 1048 - XX X4k.X\ X 


Device Family 
















ispLSI 1016/883 

■system programmable Large Scale Integration 
High-Density Programmable Logic 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 

— MIL- STD-883 Version of the ispLS1 1016 

— Fully Compatible with Lattice's pLSI™ Military Family 

— High-Speed Global Interconnects 

— 32 I/O Pins, Four Dedicated Inputs 

— 96 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— f max = 60 MHz Maximum Operating Frequency 

— tpd = 20 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly" in 

Seconds 

— Reprogram Soldered Device for Debugging 

— Non-Volatile E 2 CMOS Technology 

— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM 
SPEED OF PLDs WITH THE DENSITY AND 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Gbm&iri^ plue 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Three Dedicated Clock Input ..Pins \ 

— Synchronous and Asynchronous Qlobks J 

— Flexible Pin Placement 

— Optimized Global Roqtfhcji Foul Ajfows- Global 
Interconnectivity 

• pLSI/ispLSI DEVELOPi^^ ) 

pDS Software 

— Easy to life Interface 

— Boolean Logic Compiler 
— Manual Partitioning 

Automatic Placsi arid Route 
Static tithing Taifile 
pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 


Description 


vji|Vlattice MIL-STD-883 ispLSI 1016 is a High-Density 
^ JPfegrammable Logic Device featuring 5-Volt in-system 
programmability and in-system diagnosticcapabilities. The 
device contains 96 Registers, 32 Universal I/O pins, four 
Dedicated Input pins, three Dedicated Clock Input pins and 
aGlobal Routing Pool(GRP). The GRP provides complete 
interconnectivity between all of these elements. It is the 
first device which offers non-volatile "on-the-fly" 
reprogrammability of the logic, as well as the interconnects 
to provide truly reconfigurable systems. It is architecturally 
and parametrically compatible to the pLS1 1 016/883 device, 
but multiplexes four of the dedicated input pins to control in- 
system programming. 

The basic unit of logic on the ispLS1 1 01 6/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. B7 (see figure 1). There are a total of 16 GLBs in the 
ispLSI 1016/883 device. Each GLB has 18 inputs, a 
programmable AND/OR/XOR array, andfouroutputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 




Features 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 


LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. September 1992. Rev. A 

Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423) 
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Specifications ispLS1 1016/883 


Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 -0V 

Storage Temperature -65 to 150°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the “Absolute Maximum 
Ratings" may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 


Tc 

Case Temperature 

-55 

+125 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

VlL 

Input Low Voltage \ \X/^‘ 

0 

0.8 

V 

VlH 

Input High Voltage ’Vy 

2.0 

Vcc + .1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 


MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicafed Ihput Capacitance 

10 

Pf 

V CC =5-0V, V IN =2.0V 

c 2 

t/Q jfhdf Clo^jjjiapacitance 

10 

Pf 

Voc^.OV, V l(0 , V y =2.0V 


1 . Guaranteed fiot 1 jiestdcl. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention (at 55° C) 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

1000 

CYCLES 
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Specifications ispLS1 1016/883 


Switching Test Conditions 


Input Pulse Levels GND to 3.0V Figure 2. Test Load 


Input Rise and Fall Times 

< 3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figure 2) 


Test Condition 

R1 

R2 

CL 

1 

4700 

3900 

35pF 

2 Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

Active High to Z 

oo 

3900 

5pF <s : 

3 at V 0H - 0.5V 




Active Low to Z 

4700 

3900 


at V OL + 0.5V 





DC Electrical Characteristics 


+ 5V 




1 . One output at a time for a maximum duration of one second (25°C only). 

2. Measured using four 1 6-bit counters. 

3. Typical values are at V cc = 5V and T c = 25°C. 
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Specifications ispLS1 1016/883 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

* 

DESCRIPTION 1 

-60 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

; 1 

3 

Clock Frequency with Internal Feedback 3 

m \ 

, - 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback ( Uu2 + tco1 ) 

"""38, 

y 

MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 



MHz 

tsul 

-■ 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

y 

- 


tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass \ 

• - 

13 


thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

i 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 


- 

ns 

tco2 

- 

m 

GLB Reg. Clock to Output Delay 


- 

na 

ns 

th2 

- 

ED 

GLB Reg. Hold Time after Clock 


0 

- 

ns 


1 

12 

Ext. Reset Pin to Output Delay 

- 


ns 



13 

Ext. Reset Pulse Duration 

13 



ten 


ED 

Input to Output Enable 

- 

m 

mfeji 

tdis 

3 

15 

Input to Output Disable 

- 

m 

i 

twh 

- 

m 

Ext. Sync. Clock Pulse QUiraJion;>f||i\\ 

6 

- 

ns 

twl 

; - 

m 

Ext. Sync. Clock Pulse ^uratiq^Loy!/ \V 

6 

- 

ns 

tsu5 

! 

i 

I/O Reg. Setup Tirde before ExfrS^rrip- Clock (Y1 , Y2) 

2.5 

- 

ns 

th5 


19 

I/O Reg. HolqLJime aftehfxt. Syri^f Clock (Y1, Y2) 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters : us&g GRP Idiad of 4,GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet for further detail) 

3. Standard 16-Bit loadable counter UsihgGRp feeidback... 

4. fmax (Toggle) may be less than"’ ; 1/(%h4 twi):,This (s to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test pdnditiohs S^op. / 
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Specifications ispLS1 1016/883 


Internal Timing Parameters 1 


PARAMETER 

* z 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

€•“ 1 

2.7 

ns 

tiolat 

21 

I/O Latch Delay 


4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 



ns 

tioh 

23 

I/O Register Hold Time after Clock 



ns 

tioco 

24 

I/O Register Clock to Out Delay 


4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 


3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads j 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads C, 

- 

6.0 

ns 

glb w\ yy 

t4ptbp 

33 

4 Product Term Bypass Path pdey H\\ 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path :;; 0e(ay%^>^ 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XOR Path Delay "V V; 'X 

- 

10.6 

ns 

txoradj 

36 

XOR Adjacent Path. Delay 3 \ 

- 

12.7 

ns 

tgbp 

37 

GLB Register Delay*: \ 


- 

1.3 

ns 

tgsu 

38 

GLB RegisterSetup Time before'Clock 

1.3 

- 

ns 

tgh 

39 

GLB Register;: Hdld time af|er Clock 

6.0 

- 

ns 

tgco 

40 

GLp : §egist^r Clqc% tqOdtput Delay 

- . 

2.7 

ns 

tgr 

41 

GLB Register Re$et:t6 Output Delay 

- 

3.3 

ns 

tptre 

42 :::: ; 

GLB Brodu&Jerfii Reset to Register Delay 

- 

13.3 

ns 

tptoe 

(A 3 

GtlB Prodticl f erm Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptck 

44 

*: 

: :GL& Brqduct Term Clock Delay 

4.6 

9.9 

ns 

ORPf\ 



torp 


ORP Delay 

- 

3.3 

ns 

torpbp 

:: # 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing 1 Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1016/883 


Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 


4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled 


6.7 

ns 

tod is 

49 

I/O Cell OE to Output Disabled 


\3J 

ns 

Clocks 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) V 1 


6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

;-<6 

7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line /" 

1.3 

6.6 

ns 

tioyl/2 

53 

Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line V%.\ 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only, :; 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLS1 1016/883 


ispLS1 1016/883 Timing Model 



Derivations of tsu, th and too from the Product T$rim block 


tsu = Logic + Reg su - Clock (min) 

= rtiobp + tgrp4 + t20ptxor) + (tgsu) -: ; (iioSp+;:tg^ + t^tbk(min)) 

= (#20 + #28 + #35) + (#38) - (#2Q : 4^£M44) \ 

7.3 ns = (2.7 + 2.7+1 0.6) + (1.3)- (2 .7/Si :; + 4 

th = Clock (max) + Reg h - Logic 

= rtiobp + tgrp4 + tptck(max)) + (tgfi),- (tiobjj : + tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + .(#§4 - (#20##28 +#35) 

5.3 ns = (2.7 + 2.7 + 9.9) - (2 2.7;+ ifcl) 

tco = Clock (max) + .R|g| ;; co> dutputV/' 

= rtiobp + tgrp4 4’ t|tbk(m:ax))> .(tgco) + (torp + tob) 

= (#20 + #28;+#44) 4J$$I +ii#45 + #47) 

25.3 ns = (2.7 +^+f.4:+ + 4.0) 

Derivations of tsCi y tii and tco from the Clock GLB 

tsu Fieg'#u,.?:C*iock (min) 

y^4&\(ti^)^\tgr^+ t20ptxorj + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
- (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

= 4.7 + 2.f+ 1 0.6) + (1 .3) - (6.0 + 2.7+1 .3) 

th Clppk (max) + Reg h - Logic 

= :: :i: |t9y°( max ) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7+1 0.6) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 
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Specifications ispLS1 1016/883 


Programming Voltage/Timing Specifications 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

Vccp 

Programming Voltage 


4.5 

5 

5.5 

V 

Iccp 

Programming Supply Current 

ispEN = Low 

- 

50 

100 

mA 

VlHP 

Input Voltage High 


2.0 

- 

: V(^CP 

V 

VlLP 

Input Voltage Low 


0 


.6:8 

V 

IIP 

Input Current 


- 

dm,.. 

2C k : . 

, ma 

VOHP 

Output Voltage High 

Ioh = "3*2 mA 

2.4,:< 

l. -i 

Vopp 

7 v 

VOLP 

Output Voltage Low 

Iql — • 5 mA 

jf 



V 

tr.tf 

Input Rise and Fall 



V ^r'V 

.J 6.1 

ps 

tisp 

ispEN to Output 3-State 



\ 2 : ;;:;> 

10 

ps 

tsu 

Setup Time 


L 

.-•<0:5 

- 

M.s 

tco 

Clock to Output 


Y/fy/ 

0.5 

- 

MS 

th 

Hold Time 



0.5 

- 

MS 

tclkh, tdkl 

Clock Pulse Width, High and Low 


[/b.5 

1 

- 

MS 

tpwv 

Verify Pulse Width 


20 

30 

- 

MS 

tpwp 

Programming Pulse Width 


40 

- 

100 

ms 

tbew 

Bulk Erase Pulse Width 


200 

- 

- 

ms 

trst 

Reset Time From Valid V C cp 

W. \.. 

45 

- 

- 

Ms 
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Figure 3. Timing Waveforms for In-System Programming 


VCCP 


trst 


U Tn^ut 7ZZZZZ /// ispLSI Pins are 3-Stated During Programming /////S//^ ^ 

u oTu1 TZZZZ Z^r^ 


ispEN 


MODE 


SDI 




V 


•tisp 


3T 


— ►ItsL 


SCLK 


- th *j 


X. 


tisf 


-H tdkh 


J- 




2k 


VlH bu 


tco ■ 


SD ° 7ZZ1- X2ZZZZZZZZZZZZZZZZZZZZZZZZX3&Z± 

VlL VOL 


Figure 4. Program, Verify & Bulk Erase Wayelpims 
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Pin Description 


Name 

JLCC Pin Numbers 

Description 

I/O 0-1/0 3 

15, 

16, 

17, 

18, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

19, 

20, 

21, 

22, 

logic array. 

1/0 8-1/011 

25, 

26, 

27, 

28, 


1/012-1/0 15 

29, 

30, 

31, 

32, 


1/016-1/019 

37, 

38, 

39, 

40, 


I/O 20 - I/O 23 

41, 

42, 

43, 

44, 


I/O 24 - I/O 27 

3, 

4, 

5, 

6, ! 


I/O 28 - I/O 31 

7, 

8, 

9, 

10 


IN 3 

2 

Dedicated input pins to the device. 

ispEN 

13 




Input - Dedicated in-system mlhg eihable input pin. This pin 

is brought low to enable |he ptogfarfim ingfmode. The MODE, SDI, 






SDO and SCLK opti6ri'^icpm^ actiy& 

SDI/IN 0 

14 




Input -This pin p^rfdrmstwbfijnctions. It is a dedicated input pin when 






ispEN is log iQiiihish * :Wh© r\ . i sp E N logic low, it functions as an input 






pin to load pr^rai^ming data into the device. SDI/IN 0 also is used as 
one of ^|..two'-qontr&t^io^"fpr the isp state machine. 

MODE/IN 2 

36 




Input^Jfiis bln perform^ two functions. It is a dedicated input pin when 
ispEN i&lpgic Hi^h. Vpbn ispEN is logic low, it functions as a pin to 






corttipl. the :: qper4tion of the isp state machine. 

S DO/IN 1 

24 




ThpukOiltput Miffs pin performs two functions. It is a dedicated clock 
,. :: : inp ut p i ri^he pfSp E N is logic high. When ispEN is logic low, it functions 






as an,output pin to read serial shift register data. 

SCLK/Y2 

33 




Irtoiirt^fhis pin performs two functions. It is a dedicated clock input 
... whan, IspEN is logic high. This clock input is brought into the Clock 
Dfsfrlbution Network, and can optionally be routed to any GLB and/or 
> I/O cell on the device. When ispEN is logic low, it functions as a clock 
§/ pin for the Serial Shift Register. 

YO 

11 , 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 /RESET 

35\ 




This pin performs two functions: 






- Dedicated clock input. This clock input is brought into the Clock 






Distribution Network, and can optionally be routed to any GLB 
and/or I/O cell on the device. 






- Active Low (0) Reset pin which resets all of the GLB and I/O 






registers in the device. 

Glfrf\ 

"I, 

23 



Ground (GND) 

Vcc \ 

12, 

34 



Vcc 
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Specifications ispLS1 1016/883 


Part Number Description 














Lattice 


ispLSr 1024/883 

in-system programmable Large Scale Integration 
High-Density Programmable Logic 




Features 

■ 

Functional Block Diagram 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 

— MIL-STD-883 Version of the ispLS1 1024 

— Fully Compatible with Lattice's pLSI™ Military Family 

— High-Speed Global Interconnects 

— 48 I/O Pins, Six Dedicated Inputs 
— 144 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Fast Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 60 MHz Maximum Operating Frequency 

— tpd = 20 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly" in 
Seconds 

— Reprogram Soldered Device for Debugging 

— Non-Volatile E 2 CMOS Technology 
— 100% Tested 

• COMBINES EASE OF USE AND THE FAST SYST 
SPEED OF PLDs WITH THE DENSITY AND FLEX- 
IBILITY OF FIELD PROGRAMMABLE GAT|4lpAV|^ 

— Complete Programmable Device can C^mbiri^plui^:^ 
Logic and Structured Designs 

— 100% Routable with High Utilizafibh 

— Four Dedicated Clock Input Pjhs 

— Synchronous and Asynchrpt%iis Clocks j 

— Flexible Pin Placement 

— Optimized Global Rouffhg Pooj Altows Global 
Interconnectivity 

• pLSI/ispLSI DEVELOPMENT SY^tM ^DS™) 

pDS Software.:: 

— Easy to:; lif e PC WindoWs™ 1 Interface 
— Boolean Logic bompHer 
— Ntepual Partitioning 
- - Anient jtic Place and Route 
— Static timing Table 
pDS+™ Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 



lie Lattice MIL-STD-883 ispLSI 1024 is a High-Density 
Programmable Logic Device featuring 5-Volt in-system 
programmability and in-system diagnostic capabilities. The 
device contains 144 Registers, 48 Universal I/O pins, six 
Dedicated Input pins, four Dedicated Clock Input pins and 
a Global Routing Pool (GRP). The GRP provides com- 
plete interconnectivity between all of these elements. It is 
the first device which offers non-volatile "on-the-fly" 
reprogrammability of the logic, as well as the interconnects 
to provide truly reconf igurable systems. It is architecturally 
and parametrically compatible to the pLSI 1024/883 de- 
vice, but multiplexes four of the dedicated input pins to 
control in-system programming. 

The basic unit of logic on the ispLS1 1 024/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. C7 (see figure 1). There are a total of 24 GLBs in the 
ispLSI 1024/883 device. Each GLB has 18 inputs, a 
programmable AND/OR/XOR array, andfouroutputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 


Copyright © 1 992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct. f Hillsboro, Oregon 97124, U.S.A. September 1992. Rev. A 

Tel. (503) 681-01 18; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) 
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Absolute Maximum Ratings 1 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied. . -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to V C c +1 0V 

Storage Temperature -65 to 150°C 

Ambient Temp, with Power Applied -55 to 125°C 


1. Stresses above those listed under the "Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

-y MIN. 

MAX. 

UNITS 

Tc 

Case Temperature 

-55 

+125 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

VlL 

Input Low Voltage \<y 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1 .0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

D^k^e&:::jnpufxp^^t4nc© 

10 

Pf 

VCC-5.0V, V, n -2.0V 

c. 

/fO-^pd Clock Capacitance 

10 

pf 

V CC =5.0V, V l/Q , V y =2.0V 


1 . Guaranteed but not 100% tested. 


Data Retention Specifications ° 


PARAMETER / 

MINIMUM 

MAXIMUM 

UNITS 

Data Retentibh (at 55“ C) 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

1000 

CYCLES 
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Figure 2. Test Load 


Output Load Conditions 


DC Electrical Characteristics 


bVer Recom^iitied Operating Conditions 


SYMBOL 

PARAM|T|t : ->' 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Low Voltage 

l 0L =8 mA 

- 

- 

0.4 

V 

VOH 

Output yigfi Vbjta§e ; 

Ioh = "4 mA 

2.4 

- 

- 

V 

IlL 

InpujMM/O LowLeak^jgeCurrent 

0V ^ V 1N < V 1L (MAX.) 

- 

- 

-10 

nA 

IlH 

Ippufor l/CMHigb.Leai^age Current 

> 8 

VI 

z 

> 

VI 

X 

> 

- 

- 

10 

pA 

IlL-isp/ 

;i 'xisp InjjjiJt tiOW Lepage Current 

0V<V 1N ^V 1L (MAX.) 

- 

- 

-150 

pA 

Iil-pU 

l/Q^dtive RpiiClp Current 

ov<v 1N <;V IL 

- 

- 

-150 

fa 

los 1 ' 

\ Output. Short Circuit Current 

V cc -5V,V 0UT 

-60 

- 

-200 

mA 

ICC 2 

Operating Power Supply Current 

V iL = 0.5V, V IH = 3.0V 

^TOGGLE = 20 MHz 

— 

130 

215 

mA 


1 . One output at a time for a maximum duration of one second (25°C only). 

2. Measured using six 16-bit counters. 

3. Typical values are at V cc = 5V and T c = 25°C. 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
a‘V OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V OL + 0.5V 

4700 

3900 

5pF \ 


Device 

Output 



Test 

Point 


Cl includes Tek fixture and f|rdbe Capacitance. 


Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

< 3ns 1 0% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 




5-57 


9/92. Rev. A 











Specifications ispLS1 1024/883 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

# 2 

DESCRIPTION 1 

-60 

UNITS 

COND. 


MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 

y\\ 

25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

W '■ 

\ " . 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback (f^Ttcoi) 


y 

MHz 


- 

5 

Clock Frequency, Max Toggle 4 



BBS! 

mam 

- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 


- 

B 


1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 




MM 

thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 


tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

B 

ij^bbri 

- 

EQ 

GLB Reg. Clock to Output Delay " \\ 

- 

■a 

B 

K323HH 

- 

ED 

GLB Reg. Hold Time after Clock 

0 

- 



n 

m 

Ext. Reset Pin to Output Delay C 

- 


Id 


- 

ES 

Ext. Reset Pulse Duration 


- 

MM 

ten 

2 

EQ 

Input to Output Enable 

- 

m 

B 

tdis 

3 

15 

Input to Output Disable 

- 

24 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse QMfa%n,‘F!^|hW 

6 

- 

ns 

twl 

- 

T7 

Ext. Sync. Clock Pul^^Grafi^^o^ v^' 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Tifriie feefor'e.Ext. ?yhp : Clock (Y2, Y3) 

2.5 

- 

ns 

th5 

- 

li 

I/O Reg. HolcLTime after Ext. Syrfef Clock (Y2, Y3) 

8.5 

- 

ns 


1 . Unless noted otherwise, all parameters : iise :: a GRP lc>%ci ofX@LBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data s.h|et fpr further details.^ 

3. Standard 16-Bit loadable counter using: GRP feedback. 

4. fmax (Toggle) may be less th^>/($h# twl ) >Th is is.tb allow for a clock duty cycle of other than 60%. 

5. Reference Switching Test Qdhditi.orts S^ctiibn, ,> 
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Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 


2.7 

ns 

tiolat 

21 

I/O Latch Delay 


i. 4.0 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 


v> 

ns 

tioh 

23 

I/O Register Hold Time after Clock 



ns 

tioco 

24 

I/O Register Clock to Out Delay 

-1 

4.0 

ns 

tior 

25 

I/O Register Reset to Out Delay 

r- 

3.3 

ns 

tdin 

26 

Dedicated Input Delay 

- 

5.3 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

2.0 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

2.7 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

4.0 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

5.0 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

6.0 

ns 

tgrp24 

32 

GRP Delay, 24 GLB Loads 

- 

8.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass Path Delay • 

- 

8.6 

ns 

tlptxor 

34 

1 Product Term/XOR Plih Delay::, 

- 

9.3 

ns 

t20ptxor 

35 

20 Product Term/XOR Path Delay vy 

- 

10.6 

ns 

txoradj 

36 

XOR AdjacentPath Delay 3 1 


- 

12.7 

ns 

tgbp 

37 

GLB Register iypa$s Delay s 


- 

1.3 

ns 

tgsu 

38 

GLB time (before Clock 

1.3 

- 

ns 

tgh 

39 

GL^j^gisteftM^lTifi^after Clock 

6.0 

- 

ns 

tgco 

40 

.;:GLD Register Glpc^to Output Delay 

- 

2.7 

ns 

tgr 

4f • 

GL:B legist# Reset to Output Delay 

- 

3.3 

ns 

tptre 

SP:, 

GU3 Product term Reset to Register Delay 

- 

13.3 

ns 

tptO© 

, 42fj: 

: QLB Product Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tpt(&X 


GDB Product Term Clock Delay 

4.6 

9.9 

ns 

ORP \ 

torp 

:: 46 ' 

ORP Delay 

- 

3.3 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

0.7 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Outputs 

tob 

47 

Output Buffer Delay 

/I 

4.0 

ns 

toen 

48 

I/O Cell OE to Output Enabled ■ 


m 



49 

I/O Cell OE to Output Disabled 



ns 

Clocks y'/^S 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


6.0 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 


7.3 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

4.6 

7.3 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line \ ( 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only,;. 

2. Refer to Timing Model in this data sheet for further details. 


5-60 


9/92. Rev. A 







Lattice 


Specifications ispLS1 1024/883 


#20 

r 

-*| #28 J ' 

* 33 M 

#37 

#46 

Input I 

GRP ^ 

20 PT 

GLB Reg 

ORP ,/ 

q Register Q -J 
RST 

Loading 

^ Delay J 

XOR Delays 

l ► 

Delay 

D Q 

Delay' 

#21 - 25 

#27, 29, 

#34, 35, 36 



/% 

30, 31 , 32 

!"► 

RST 



i (Output) 
#48,49 


Clock 

Distribution 


Control re 
PT s OE 
#42^43, CK 


Derivations of tsu, th and too from the Product Term Clock 

tsu > Logic + Reg su - Clock (min) / 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - {tiobp >||qp4 + tptbkfmin)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28,+ #44} 

7.3 ns = (2.7 + 2.7+1 0.6) + (1 .3) - (2.7 + .27 + 4,6} 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) + (tph) - :: (|jo^,/tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#3# - (#20 + #28 + : jj$s) 

5.3 ns = (2.7 + 2.7 + 9.9) + (6.0) - (2.7 + 2.7+1 0.6) 
tco = Clock (max)..+ R^’cQ.+"Outp&t :: . 

= (tiobp + tg rp 4,: : +,tptck( ; m ax)) + (tgCo) + (torp + tob) 

= (#20 + #28, + #44) V(#40) + |#4§ + #47) 

25.3 ns = (2.7 + 2.7 > 9:9) + '(2:7)4j(3 ? 3+ 4.0) 

Derivations of t^ii, th and tcb froiin the Clock GLB 

tsu = jjl-ogic + ^eg,su - fejfock (min) 

= (tiobp. + tgrp.|; + i20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
- (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 
l^nsV^ + 24^1 0.6) + (1.3)- (6.0 + 2.7 + 1 .3) 
th " : %i= Clp.ck (max) + Reg h - Logic 

= :; : (tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= <:(# 50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7+1 0.6) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 
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Programming Voltage/Timing Specifications 


SYMBOL 

PARAMETER 

CONDITION 





Vccp 

Programming Voltage 

. 

mm 

| 



Iccp 

Programming Supply Current 

ispEN = Low 





VlHP 

Input Voltage High 


2.0 

- 

: : V(XP 

V 

VlLP 

Input Voltage Low 


0 

-/I 


V 

IIP 

Input Current 


- 



R9 

VOHP 

Output Voltage High 

Ioh * -3.2 mA 

2.4/ 


K SI 

/’ V 

VOLP 

Output Voltage Low 

l 0L = 5 mA 

A '•< 


WM 

V 

tr, tf 

Input Rise and Fall 




mm 


tisp 

ispEN to Output 3-State 



\ 2 / 

10 


tsu 

Setup Time 




- 

ps 

tco 

Clock to Output 


*j6\/ 

f. 0.5 

- 

ps 

th 

Hold Time 



0.5 

- 

|HS 

tclkh, tclkl 

Clock Pulse Width, High and Low 


:/o.5 

1 

- 

ps 

tpwv 

Verify Pulse Width 


20 

30 

- 

ps 

tpwp 

Programming Pulse Width 


40 

- 

100 


tbew 

Bulk Erase Pulse Width 


200 

- 

- 


trst 

Reset Time From Valid Vccp 


_ 45 -_ 


- 

ps 
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Figure 3. Timing Waveforms for in-System Programming 


VCCP 


trst 


/////ZZ/Z ispLSI Pins are 3-Stated During Programming ZZZZ/ZZ/^ y. 


Input 
Unused 


$g&7ZZZZZ 


HI - Z 


ispEN 

MODE 

SDI 

SCLK 

SDO 




V 


tisp 


r 


— ►ItsL 

-th-H/ 


-th- 




tclkh 


J- 


Z2 v ai^~y y v 


tsu 


VlH tsu 

zz 

VlL 


th VOH 


•thl 


tcb 




VOL 


Figure 4. Program, Verify & Bulk Erase Wayetpijns 
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Pin Description 


Name 

JLCC Pin Numbers 

Description 

1/0 0-1/03 

22, 

23, 

24, 

25, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

26, 

27, 

28, 

29, 

logic array. /7 

1/0 8-1/011 

30, 

31, 

32, 

33, 


1/0 12-1/0 15 

37, 

38, 

39, 

40, 


1/016-1/019 

41, 

42, 

43, 

44, 


I/O 20 - I/O 23 

45, 

46, 

47, 

48, 

v,!v * :v x>. V- .]>• 

I/O 24 - I/O 27 

56, 

57, 

58, 

59, 

s'*' $ ... y .y 

I/O 28 - I/O 31 

60, 

61, 

62, 

63, 


I/O 32 - I/O 35 

64, 

65, 

66, 

67, 


I/O 36 - I/O 39 

3, 

4, 

5, 

6, 


I/O 40 - I/O 43 

7, 

8, 

9, 

10, 


I/O 44 - I/O 47 

11, 

12, 

13, 

14 


IN 4 -IN 5 

2, 

15 



Ded icated i nput pins v 

ispEN 

19 




input - Dedic4e^ ! n \ s y sten 1 Lp.rog^mming enable input pin. This pin 
is brought,:t6w to enable the programming mode. The MODE, SDI, 






S D 0 a n.d : §C LK.o pt i bh^ be^o m e active. 

SDI/IN 0 

21 




Input^Tmis din perform^ tv^o functions. It is a dedicated input pin when 
isp^N is logic high. Wjain ispEN is logic low, it functions as an input 
pin tp toad programming data into the device. SDI/IN 0 also is used as 
ytjn^^two^rol pins for the isp state machine. 

MODE/IN 3 

55 




C^ut-TOsSpWerforms two functions. It is a dedicated input pin when 
i§ : pBN4s ibgic high. When ispEN is logic low, it functions as a pin to 






cbnftali$i£ operation of the isp state machine. 

S DO/IN 1 

34 




\j.npjJt@^utput - This pin performs two functions. It is a dedicated clock 






... ihd.Sf pin when ispEN is logic high. When ispEN is logic low, it functions 
) as an output pin to read serial shift register data. 

SCLK/IN 2 

49 




T Input - This pin performs two functions. It is a dedicated input when 
ispEN is logic high. When ispEN is logic low, it functions as a clock pin 






for the Serial Shift Register. 

RESET 





Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

Y0 





Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

y i y^NjS 

% Mi 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 

Y2 V \ V <f 

51 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 






any I/O cell on the device. 

Y3 V ::X 

50 




Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 
device. 

GND 

1 , 

18, 

35, 

52 

Ground (GND) 

Vcc 

17, 

36, 

53, 

68 

Vcc 
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Part Number Description 


ispLSI 1024 - XX X X X 
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Lattice 


ispLSr 1032/083 

in-system programmable Large Scale Integration 
High-Denisty Programmable Logic 


Features 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 

— MIL-STD-883 Version of the ispLS1 1 032 

— Fully Compatible with Lattice's pLSI™ Military Family 

— High Speed Global Interconnects 

— 64 I/O Pins, Eight Dedicated Inputs 
— - 192 Registers 

— Wide Input Gating for Fast Counters, State 
Machines, Address Decoders, etc. 

— Small Logic Block Size for Random Logic 

— Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY 

— fmax = 60 MHz Maximum Operating Frequency 

— tpd = 20 ns Propagation Delay 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly" in 
Seconds 

— Reprogram Soldered Device for Debugging 

— Non-Volatile E 2 CMOS Technology 
•—100% Tested 

• COMBINES EASE OF USE AND THE FAST SYSTEM \\ 
SPEED OF PLDs WITH THE DENSITY AND FLEXb/W 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

— Complete Programmable Device can Combine Glue^ 
Logic and Structured Designs 

— 100% Routable with High Utilization 

— Four Dedicated Clock Input Pins. 

— Synchronous and Asynchronous Clocks 

— Flexible Pin Placement 

— Optimized Global Routing Pop! Allows Global 
Interconnectivity 

• pLSI/ispLSI DEVELOPMENT SV^^ 

pDS Software 

— Easy to UaCWindows^tpte^ce 
— Boolean Logic Compiler 
-r* Man^aN^ 

— Automatic Pia * andRoute 
■—.Static fjmjhg table 
pD§W Software 

— Industry Standard, Third Party Design 
Environments 

— Schematic Capture, State Machine, VHDL 
— Automatic Partitioning 
— Automatic Place and Route 
— Comprehensive Logic and Timing Simulation 
— PC and Workstation Platforms 


Functional Block Diagram 


mmm gm w$m |||||| 

f Output Routing Pool 


[ Aol 

L22J 

1 A1 1 

h \ m 

1 ** 1 

Logic Q '"S 

| A3 | 

Array pj J.?±J 

| A4 | 


| A5 [: ? 

0 x \ b 1 

| A6 | \\ 

HD 

1 A7 1 GlbbM.jRpiiiing Pool (GRP) | co || 

1 ■ .1111 

WB0 B1 B2 B3 B4 B5 B6 B7 _ „ 

CLK 


Output Routing Pool | 1 

rrm rrm i rrn iin \ i 


Description 


the Lattice MIL-STD-883 ispLSI 1032 is a High-Density 
^Programmable Logic Device featuring 5-Volt in-system 
programmability and in-system diagnostic capabilities. The 
device contains 1 92 Registers, 64 Universal I/O pins, eight 
Dedicated Input pins, four Dedicated Clock Input pins and 
a Global Routing Pool (GRP). The GRP provides com- 
plete interconnectivity between all of these elements. It is 
the first device which offers non-volatile "on-the-fly" 
reprogrammability of the logic, as well as the interconnects 
to provide truly reconf igurable systems. It is architecturally 
and parametrically compatible to the pLSI 1032/883 de- 
vice, but multiplexes four of the dedicated input pins to 
control in-system programming. 

The basic unit of logic on the ispLS1 1 032/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. D7 (see figure 1). There are a total of 32 GLBs in the 
ispLSI 1032/883 device. Each GLB has 18 inputs, a 
programmable AND/OR/XOR array, andfouroutputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 


Copyright © 1992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic a 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. September 1992. Rev. A 

Tel. (503) 681-01 18; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423) 

5-67 





Lattice 


Specifications ispLS1 1032/883 


Absolute Maximum Ratings 


Supply Voltage Vcc -0.5 to +7.0V 

Input Voltage Applied -2.5 to V C c +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 0V 

Storage Temperature . . -65 to 150°C 

Ambient Temp, with Power Applied -55 to 125°C 

1. Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

MAX. 


Tc 

Case Temperature 

-55 

+125 

°C 

Vcc 

Supply Voltage 

4.5 

5.5 

V 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Ded icated Inppt Qapacitincie ;: 

10 

Pf 

Vcc=5.0V, V 1N =2.0V 

C 2 

I/O arid Clock Qiapachapbe 

10 

Pf 

V CC =5.0V, V l/0 , V y =2.0V 


1 . Guaranteed but adt.10P%;testdd, 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention (|t ; 55°C) 

20 

- 

YEARS 

Erase/RepragrSm Cycles 

i 

1000 

CYCLES 
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Switching Test Conditions 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

< 3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


Figure 2. Test Load 


3-state levels are measured 0.5V from steady-state 
active level. 


Output Load Conditions (see figured) 


Test Condition 

R1 

R2 

CL 

1 


4700 

390Q 

35pF 

2 

Active High 

oo 

390Q 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V OL + 0.5 V 

4700 

3900 

5pF \ 


Device 

Output 



Test 

Point 


Cl includes Test Fixture., iand fergbe Capacitance. 


DC Electrical Characteristics 


Over R&pfrimended Operating Conditions 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

.^Output i|ow Voltage" 

l OL =8 mA 

- 

_ 

0.4 

V 

VOH 

... dutpilft.jHiig'hr : V^ttlge 

Iqh =-4 mA 

2.4 

- 

- 

V 

IlL 

•/tnput or ilpLbw Leakage Current 

0V<V in ^V il (MAX.) 

- 

- 

-10 

M'A 

IlH • ' 

/Input; oi;Jb High Leakage Current 

> 8 

VI 

z 

> 

VI 

i 

> 

- 

- 

10 

*iA 

IldviSp:^ "-v| 

isp irtput Low Leakage Current 

0V<;V IN <;V IL (MAX.) 

- 

- 

-150 

*iA 

IlL-PU \ 

< ; i/0 Active Pull-Up Current 

0VSV IN <;V, L 

- 

- 

-150 


los 1 

" Output Short Circuit Current 

V cc = 5V, V 0UT ■ 0.5V 

-60 

- 

-200 

mA 

ICC2 

Operating Power Supply Current 

V 1L = 0.5V, V IH « 3.0V 

^TOGGLE “ 20 MHZ 

— 

135 

220 

mA 


1 . One output at a time for a maximum duration of one second (25°C only). 

2. Measured using eight 1 6-bit counters. 

3. Typical values are at V c = 5V and T > 25° C. 
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External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-60 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


20 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


25 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 

: -m\ 

- 

MHz 

fmax (Ext.) 

- 

4 

Clock Frequency with External Feedback ( t> u 2 !t C oi) 



MHz 

fmax (Tog.) 

- 

5 

Clock Frequency, Max Toggle 4 

; 

,1?) 


MHz 

tsul 


6 

GLB Reg. Setup Time before Clock, 4PT bypass 

; % | ' 

- 

ns 

tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

; w '- 

13 

ns 

thi 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock 

13 

- 

ns 

tco2 

- 

10 

GLB Reg. Clock to Output Delay 

- 

16 

ns 

th2 

- 

ED 

GLB Reg. Hold Time after Clock 

0 

- 

ns 

trl 

1 

n 

Ext. Reset Pin to Output Delay 

- 

mu 


trwl 

~ 

13 

Ext. Reset Pulse Duration 

El 

- 

ns 

ten 

2 

EQ 

Input to Output Enable 

- 

□ 


tdis 

3 

ED 

Input to Output Disable 

- 

□ 

ns 

twh 

- 

16 

Ext. Sync. Clock Pulse Duratiort f -HlgK X 

6 

- 

ns 

twl 

- 

17 

Ext. Sync. Clock Pulse DuratioR;,. Low \ 

6 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Tirptf befbcp E^: :: Sync,; Clock (Y2, Y3) 

2.5 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Time aftk ;:; Ext^§y ; !3b, : :Ciock (Y2, Y3) 

8.5 


ns 


1 . Unless noted otherwise, all parameters usera GRP lpa^.cff:4 GLBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet.for further details^ 

3. Standard 16-Bit loadable counter ysiri^ (SR|P feedbadiil; ..Z 

4. fmax (Toggle) may be less than : ::T : |(.twB/^ Th i ^ 4S : tc> :: allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Coh%iopis-0ecfep.' : \ 
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Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 


2.7 

ns 


21 

I/O Latch Delay 


4.0 

ns 


22 

I/O Register Setup Time before Clock 

7% 


ns 


23 

I/O Register Hold Time after Clock 



ns 

E 

24 

I/O Register Clock to Out Delay / \ 

x,.£y 

*4’ o 

ns 

tior 

m 



3.3 

[pW 

tdin 



* - 

E9 

MM 

GRP 


m 

GRP Delay, 1 GLB Load <C?*\ \*y 2/ 

- 


M 

tgrp4 

m 

GRP Delay, 4 GLB Loads 

- 

m 


BEjHBBi 

ffH 

GRP Delay, 8 GLB Loads 

- 

m 

MM 

K939H 

B»1 

GRP Delay, 12 GLB Loads 

- 

EEI 

mm 

JKH| 

m 

GRP Delay, 16 GLB Loads 

- 

M3B1 

m 

EjESSHi 


GRP Delay, 32 GLB Loads 

- 

KBH 


GLB 


EE1 



m 


Eosssim 

m 

1 Product Term/XOR P§tff Delay 

- 

BHS1 




20 Prod uct T e rm/XO R Path Delay::, 

- 

Iffil 

■a 

eeesbsi 


XOR Adjacent P^Delay 3 \ 

- 

IEH 

wm 

tgbp 

37 

GLB Register::iypas§ : Delay \ 

- 

KO 

wm 

tgsu 

38 

GLB Regime u p> TjTi m © Clock 

1.3 

- 

BEH 

tgh 

EM 

GLB .Regfet^ Clock 

6.0 

- 

mm 

tgco 

40 

GL§ #egister:C!objl to : Output Delay 

- 

m 

ns 

tgr 

41,:: 

GLB ftegilter RS|ef to Output Delay 

- 


■9 

tptre 

,::42 ‘ 

GU3 I^MiiptrJirm Reset to Register Delay 

- 




m 

GLB Prpdudt Term Output Enable to I/O Cell Delay 

- 

12.0 

ns 

tptck " 

\a4 

hlB Rrbduct Term Clock Delay 

4.6 

9.9 

ns 

op^x;^ 

torp 

4 $:;; 

ORP Delay 

- 

3.3 

ns 

torpbp 


ORP Bypass Delay 

- 

CQ 



1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Internal Timing Parameters 1 


PARAMETER 

# 2 

DESCRIPTION 

-60 


MIN. 

MAX. 

Outputs 

tob 

□ 

Output Buffer Delay 




toen 

ESI 


P\\ 

m 


tod is 

49 

I/O Cell OE to Output Disabled 


,6.7 

ns 

Clocks ~“\ X 

tgyO 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 

•• : 4¥ 

:= : "6.0 

ns 


51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

SSI 

m 


tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 


EQ| 

■s 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

eS 

m 

1 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.3 

6.6 

ns 

Global Reset 

Je , 

55 

Global Reset to GLB and I/O Registers 

- 

12.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 
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U Input 
D Register q 

n RST 

#21 - 25 


20 PT 

XOR Delays 


GLB Reg 
Delay I 
D Q\- 



i (Output) 
#48, 49 


Clock ! 
Distribution 


Control re ' 
* PTs OE - 

#42, 43, CK - 
44 


Derivations of tsu, th and tco from the Product Term Clock 

tsu = Logic + Reg su - Clock (min) 

= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (t|pbp\'^rp4\tpt^ffiin)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

7.3 ns = (2.7 + 2.7+1 0.6) + (1 .3) - (2.7 + 2J + 4.6) 

th = Clock (max) + Reg h - Logic 

= (tiobp + tgrp4 + tptck(max)) V(tgh) i: (tioti|p + ; >tgrp4 + t20ptxor) 

= (#20 + #28 + #44) + (#39). ’ (#20 4 #28%#N) 

5.3 ns = (2.7 + 2.7 + 9.9) + (6.pf - %.7 + 2.7;\1().f f 

tco = Clock (max) + Reg : <» + .Out|>Mt 

= (tiobp + tgrp4 ,+ : tptcfe(max)) + (tgcd) + (torp + tob) 

= (#20 + #28 iM) # ^^4(^,.+ (#45 : + #47) 

25.3 ns = (2.7 + 2.7 + 9,9) + (2 ,7) + (3.3 4 4.0) 

Derivations of tst|y tti and tco frqurti the Clock GLB 

tsu = , : :Lpgic +. .R^g su ^ Cjobk (min) 

^ + tgr|34, +, feoptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 

,, » . (#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

]d nW |2,7 + 2:7^10.6) + (1 .3) - (6.0 + 2.7+1 .3) 

th \ % » : 6lock (max) + Reg h - Logic 

X (tgy<3(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= >(#^0 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7 + 10.6) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 


5-73 


9/92. Rev. A 








lattice 


Specifications ispLS1 1032/883 


Programming Voltage/Timing Specifications 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

Vccp 

Programming Voltage 


4.5 

5 

5.5 

V 

Iccp 

Programming Supply Current 

ispEN - Low 


50 

100 

mA 

VlHP 

Input Voltage High 


2.0 

- 

Vccp 

V 

VlLP 

Input Voltage Low 


0 

- J 

••Mi 8 

V 

IIP 

InputCurrent 


- 

100 ^ 


\iA 

VOHP 

Output Voltage High 

Iqi_i = -3.2 mA 

2-4 , 


Vpcp 

::: > v 

VOLP 

Output Voltage Low 

Iqi_ — 5 mA 

q/y 

%-i 


:: V 

tr.tf 

Input Rise and Fall 


’ 


■^>.1 

ps 

tisp 

ispEN to Output 3-State 


- \ 


: 10 

ps 

tsu 

Setup Time 




- 

ps 

tco 

Clock to Output 


;">04 

yb. 5 

- 

ps 

th 

Hold Time 


0,1 

0.5 

- 

M’S 

tclkh, tclkl 

Clock Pulse Width, High and Low 


0.5 

1 

- 

ps 

tpwv 

Verify Pulse Width 


t 20 

.. 

30 

- 

ps 

tpwp 

Programming Pulse Width 


40 

- 

100 

ms 

tbew 

Bulk Erase Pulse Width 


200 

- 

- 

ms 

trst 

Reset Time From Valid V CC p 

'ri-h JL.iL 

45 

- 

- 

ps 
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Figure 3. Timing Waveforms for In-System Programming 


VCCP 


trst 


Un fnmjt /// ispLSI Pins are 3-Stated During Programming 


Input 

Unused 


S3! 


HI - Z 


ispEN 


MODE 


SDI 


K 


V 


•tisp 


— ►ItsL 

-th-H / 




SCLK 


■ th *| 




/ \ Valid 


-J tclkh 


y 


tsb 


VlH 




2L 


sdo 7ZZ^— ^ZZZZZZZZZZZZZZZZZ ZZZZZ>C3^. 

VlL VOL 




Figure 4. Program, Verify & Bulk Erase Waveforms 
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Lattice 


Pin Description 


Name 

PGA Pin Numbers 

% Description 

I/O 0-1/0 3 

FI, 

HI, 

H2, 

J1, 

Input/Output Pins - These are the general purpose I/O pins used by the 

I/O 4-1/0 7 

K1, 

J2, 

LI, 

K2, 

logic array. 

1/0 8-1/011 

K3, 

L2, 

L3, 

K4, 


1/0 12-1/0 15 

L4, 

J5, 

K5, 

L5, 


1/016-1/0 19 

L7, 

K 7, 

L6, 

L8, 


I/O 20 - I/O 23 

K8, 

L9, 

L10, 

K9, 


I/O 24 - I/O 27 

L1 1, 

K10, 

J10, 

K11, 


I/O 28 - I/O 31 

J11, 

H10, 

HI , 

F10, 


I/O 32 - I/O 35 

E9, 

Dll, 

DIO, 

C11, 


I/O 36 - I/O 39 

B11, 

CIO, 

All, 

BIO, 


I/O 40 - I/O 43 

B9, 

A10, 

A9, 

B8, 


I/O 44 - I/O 47 

A8, 

B6, 

B7, 

A 7, 


I/O 48 - I/O 51 

A5, 

B5, 

C5, 

A4, 


I/O 52 - I/O 55 

B4, 

A3, 

A2, 

B3, 


I/O 56 - I/O 59 

A1, 

B2, 

C2, 

B1, 


I/O 60 - I/O 63 

Cl, 

D2, 

D1, 

E3 


IN 4 -IN 7 

E10, 

C7, 

A6, 

E2 

Dedicated jrtfp pih^tpthe device. 

ispEN 

G3 




1 np u t.^ Sedioat ed = ip -sy^t^riri programming enable input pin. This pin 
is bfbugfht low to eriabie the programming mode. The MODE, SDI, 






SDQ and SQLK options become active. 

SDI/IN 0 

G2 




pihpttforms two functions. It is a dedicated input pin when 
.]spEHf : iS:J6igjc high. When ispEN is logic low, it functions as an input 
pin to lo ad: : pi .^ramming data into the device. SDI/IN 0 also is used as 
bn.b qfj^two control pins for the isp state machine. 

MODE/IN 1 

K6 




\lnpiitt-^fhis pin performs two functions. It is a dedicated input pin when 
tsp : j§N is logic high. When ispEN is logic low, it functions as a pin to 






\ control the operation of the isp state machine. 

SDO/IN 2 

J7 




' Input/Output - This pin performs two functions. It is a dedicated input 
• pin when ispEN is logic high. When ispEN is logic low, it functions as 
an output pin to read serial shift register data. 

SCLK/IN 3 

£1 lb 




Input - This pin performs two functions. It is a dedicated input when 
ispEN is logic high. When ispEN is logic low, it functions as a clock pin 
for the Serial Shift Register. 

RESET / j 





Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

v 




Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 • 

: ^ii 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 


Y2 ^ 

G9 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 
any I/O cell on the device. 

Y3 

G11 




Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 






device. 

GND 

C6, 

F3, 

F9, 

J6 

Ground (GND) 

Vcc 

F2, 

F11 



Vcc 
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Specifications ispLS1 1032/883 


Lattice 


Pin Configuration 


ispLS1 1032/883 PGA Pinout Diagram 


11 10 9 87654321 

(v03^ (v04^ @ ^044^ (v04^ ^048^ ^05^ ^053^ ^056^ A 

Q ^039^ ^04^ ^043^ ^04^ ^045^ ^049^ ^052^ ^55^ ^057^,:::=^^^. B 
^03^ ^037^ ^3NC^ (vQ5<^ C 


#061 J (#062) D 


^03^ 

(^™) 

©(§)© 


ispLS1 1032/8§3 
BOTTOMVlEW 


^Qi 0 J 2 ) 0 

\^0ND^ ^Vcc^ Q 


SpER) (SBf) M G 


^03^ ^02^ Q Q H 

^02^ ^026^ Q Q Q J 

^027^ ^25^, ; ::^^^ :: ^02Q^ ^0^ ^01^ K 

^024^ ^02^ ^02^ ^019^ ^yoi6^ ^yois^ (yois^ ^012^ ^ycno^ l 
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Specifications ispLS1 1032/883 


Package Diagram 


84-Pin PGA 

Dimensions in inches MIN./MAX. 


PIN 1 INDEX 




0.080 MAX. DIAMETER 



Part Number Description 



■ MIL Process 7883 = 883 Process 

- Package 

G = 84-Pin PGA 

- Power 

L = Low 


Ordering Information 


fmatx (MHz) 

,tpd (ns) 

Ordering Number 

Package 

4x60 : 

20 

ispLSI 1 032-60LG/883 

84-Pin PGA 
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Lattice 


ispLSr 1048/883 

in-system programmable Large Scale Integration 
High-Density Programmable Logic 


Features 


Functional Block Diagram 




^ Global Routing Pool (GRP) ^ M 

n \ IM 

® A li^JB 

EDI 1 a ■■ \ : 


l — l .>• * 




.Ou tput Routing Pool | \ 
’folifTi-i Ff -t Ti nTT'i r 


• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC in pm mm msi mm m p m cran mm eteei b "" 

— MIL-STD-883 Version of the ispLS1 1 048 

— Fully Compatible with Lattice's pLSI™ Military Family MEllfflMClEl EjlalaEdEgEJEl S 

— High-Speed Global Interconnects @nH| |[H] B 

— 96 I/O Pins, Ten Dedicated Inputs | IpD ./ LJ i V phi 

-288 Registers |t|| 

— Wide Input Gating for Fast Counters, State □ | bjj Global Routing Pool (GRP). ^ |=j QLB |°==j | ^ 

Machines, Address Decoders, etc. LJ ij 

— Small Logic Block Size for Random Logic □ 011751 foil ° a 

— Security Cell Prevents Unauthorized Copying II 1(7711 ■ IFp°» 11 

• HIGH PERFORMANCE E 2 CMOS® TECHNOLOGY fl RHRRRRRFj pT^ 

— f max = 50 MHz Maximum Operating Frequency m a gg§~ 

— tpd = 24 ns Propagation Delay r jl? — — ■ 

— TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOLT ONLY) 

— Change Logic and Interconnects "on-the-fly” in ^ ... Lr> 

Seconds Th<^|^K^p^STT)^83 ispLSI 1048 is a High-Density 

— Reprogram Soldered Device for Debugging ^fogii^iTirh^te^lj^gic Device featuring 5-Volt in-system 

— Non-Volatile E 2 CMOS Technology in-system diagnosticcapabilities. The 

— 100% Tested / device contaiM288 Registers, 96 Universal I/O pins, ten 

• COMBINES EASE OF USE AND THE FAST SYSTEM \\Dd€licatbd .l:i1put pins, four Dedicated Clock Input pins and 

SPEED OF PLDs WITH THE DENSITY AND FLEX- a Global Routing Pool (GRP). The GRP provides com- 

IBILITY OF field PROGRAMMABLE GATE AR|tAY% p|^ : idterconnectivity between all of these elements. It is 

— Complete Programmable Device can Combine Glue first device which offers non-volatile "on-the-fly" 

Logic and Structured Designs reprogrammability of the logic, as well as the interconnects 

— ■ 100% Routable with High Utilization . . to provide truly reconfigurable systems. It is architecturally 

— Four Dedicated Clock Input Pin^ / and parametrically compatible to the pLSI 1048/883 de- 

— Synchronous and Asynchronous Clicks \ vice, but multiplexes four of the dedicated input pins to 

— Flexible Pin Placement control in-system programming. 

— Optimized Global Routing Fop! Allows Global 

Interconnectivity The basic unit of logic on the ispLS1 1 048/883 device is the 

• pLSI/ispLSI DEVELOPMENT SYSTEM ($)S™) Generic Logic Block (GLB). The GLBs are labeled A0, A1 

pDS Software .. F7 (see figure 1). There are a total of 48 GLBs in the 

— Easy to yeb Pd Wind.ow$™ interface ispLSI 1048/883 device. Each GLB has 18 inputs, a 

— Booleap%ogk4pmpit£r|^ programmable AND/OR/XOR array, and four outputs which 

— Manual can be configured to be either combinatorial or registered. 

— AutomaticPiape andRoute Inputs to the GLB come from the GRP and dedicated 

-^Static Timing T#t>le inputs. All of the GLB outputs are brought back into the 

pDS+\Sof^are GRP so that they can be connected to the inputs of any 

— Industry Standard, Third Party Design other GLB on the device. 

Environments 

— Schematic Capture, State Machine, VHDL 

— Automatic Partitioning 

— Automatic Place and Route 

— Comprehensive Logic and Timing Simulation 

— PC and Workstation Platforms 

Copyright © 1 992 Lattice Semiconductor Corp. GAL, E 2 CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct„ Hillsboro, Oregon 97124, U.S.A. 

Tel. (503) 681-01 18; FAX (503) 681-3037; Applications Hotline: 1 -800-LATTICE (528-8423) September 1992. Rev. A 


Description 


ispLSI 1048 is a High-Density 
prbgira,mmable. JLpgic Device featuring 5-Volt in-system 
;;|yi^rai^mabilit^ : iaihd in-system diagnosticcapabilities. The 
' ;, dpvicfe-,porit€^"288 Registers, 96 Universal I/O pins, ten 
Dedicated , Ifiput pins, four Dedicated Clock Input pins and 
a Global Routing Pool (GRP). The GRP provides com- 
plet^jfiterconnectivity between all of these elements. It is 
the first device which offers non-volatile "on-the-fly" 
reprogrammability of the logic, as well as the interconnects 
to provide truly reconfigurable systems. It is architecturally 
and parametrically compatible to the pLSI 1048/883 de- 
vice, but multiplexes four of the dedicated input pins to 
control in-system programming. 

The basic unit of logic on the ispLS1 1 048/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled A0, A1 
.. F7 (see figure 1). There are a total of 48 GLBs in the 
ispLSI 1048/883 device. Each GLB has 18 inputs, a 
programmable AND/OR/XOR array, andfouroutputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 


September 1992. Rev. A 
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Specifications ispLS1 1048/883 


Absolute Maximum Ratings 1 


Supply Voltage Vcc. . . -0.5 to +7.0V 

Input Voltage Applied -2.5 to Vcc +1 0V 

Off-State Output Voltage Applied -2.5 to Vcc +1 -0V 

Storage Temperature -65 to 150°C 

Ambient Temp, with Power Applied -55 to 125°C 


1 . Stresses above those listed under the “Absolute Maximum 
Ratings” may cause permanent damage to the device. Func- 
tional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this speci- 
fication is not implied (while programming, follow the 
programming specifications). 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

Tc 

Case Temperature 

-55 

+125 

°C 

Vcc 

Supply Voltage \ ) ./ 

4.5 

5.5 

V 

VlL 

Input Low Voltage 

0 

0.8 

V 

VlH 

Input High Voltage 

2.0 

Vcc+ 1 

V 


Capacitance (T A =25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

MAXIMUM 1 

UNITS 

TEST CONDITIONS 

c, 

Dedicatied Irip.ut Capacitance 

10 

Pf 

Vcc-5.QV, V IN =2.0V 

C, 

i/O ahd btock Ciaiiacitance 

10 

Pf 

Vcc=5.0V, V 1/Q , V y =2.0V 


1 . Guarante : ^ bMpt 1 00?/o festeti. 


Data Retention Specifications 


PARAMETER 

MINIMUM 

MAXIMUM 

UNITS 

Data Retention (at 55°C) 

20 

- 

YEARS 

Erase/Reprogram Cycles 

- 

1000 

CYCLES 
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Specifications ispLS1 1048/883 




Switching Test Conditions 


Figure 2. Test Load 


Output Load Conditions (see figure 2) 


DC Electrical Characteristics 


dv%r Recornnh^pded Operating Conditions 


SYMBOL 

PARAKjfiJ^ > 

CONDITION 

MIN. 

TYP. 3 

MAX. 

UNITS 

VOL 

Output Low Vd|agei\.l 

Iol =8 mA 

- 

- 

0.4 

V 

VOH 

Output High Voltage 

Iqh = -4 mA 

2.4 


- 

V 

IlL 

lnput : 0 tf/O \ow Lesikage^urrent 

0V<V IN <V IL (MAX.) 

- 

- 

-10 

pA 

IlH 

Inpjiitpr 1/OHig.f) Le£k$ge Current 

> 8 

VI 

z 

> 

VI 

X 

> 

- 

- 

10 

pA 

IlL-isp ... 

/Jsp Input-Low Leakage Current 

0VsV 1N sV IL (MAX.) 

- 


-150 

pA 

llL-£0 

.|/OjA^ive PuljLlp Current 

0V<V (N £V il 

- 

- 

-150 

pA 

lost % 

Output Short Circuit Current 

V 0 o = 5V,V out 

-60 

~ 

-200 

mA 

ICC2 

Operating Power Supply Current 

V IL = 0.5V, V,h=:3.0 V 

^TOGGLE = 20 MHZ 

— 

165 

260 

mA 


1 . One output at a time for a maximum duration of one second (25°C only). 

2. Measured using twelve 16-bit counters. 

3. Typical values are at V cc = 5V and T c = 25°C. 


Test Condition 

R1 

R2 

CL 

1 


4700 

3900 

35pF 

2 

Active High 

oo 

3900 

35pF 

Active Low 

4700 

3900 

35pF 

3 

Active High to Z 
atV OH -0.5V 

oo 

3900 

5pF 

Active Low to Z 
at V 0L + 0.5V 

4700 

3900 

5pF \' 


Device 

Output 



Test 

Point 


Cl includes Test Fixture, and probe Capacitance. 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

£3ns 10% to 90% 

Input Timing Reference Levels 

1.5V 

Output Timing Reference Levels 

1.5V 

Output Load 

See Figure 2 


3-state levels are measured 0.5V from steady-state 
active level. 
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Specifications ispLS1 1048/883 


External Timing Parameters 


Over Recommended Operating Conditions 


PARAMETER 

TEST 5 

COND. 

# 2 

DESCRIPTION 1 

-50 

UNITS 

MIN. 

MAX. 

tpdl 

1 

1 

Data Propagation Delay, 4PT bypass, ORP bypass 


24 

ns 

tpd2 

1 

2 

Data Propagation Delay, Worst Case Path 


30.7 

ns 

fmax 

1 

3 

Clock Frequency with Internal Feedback 3 



MHz 


- 

4 

Clock Frequency with External Feedback (^Itcoi) 

y^jjl 


KISH 


- 

5 

Clock Frequency, Max Toggle 4 /•( 

HU 




- 

6 

GLB Reg. Setup Time before Clock, 4PT bypass 

KFi 

- 


tcol 

1 

7 

GLB Reg. Clock to Output Delay, ORP bypass 

> - 

na 


thl 

- 

8 

GLB Reg. Hold Time after Clock, 4 PT bypass 

0 

- 

ns 

tsu2 

- 

9 

GLB Reg. Setup Time before Clock if \ Wn. ./ 


- 

IRS 

tco2 

- 

To 

GLB Reg. Clock to Output Delay V 

- 



th2 

- 

TT 

GLB Reg. Hold Time after Clock 

0 

- 


tn 

1 

m 

Ext. Reset Pin to Output Delay 

- 

nu 


trwl 

- 

13 

Ext. Reset Pulse Duration \ 

■El 

- 


ten 


|Q 

Input to Output Enable \ \ 

- 

HU 


tdis 


m 

Input to Output Disable 

- 

m 

| 


- 

KB 

Ext. Sync. Clock Pulse Dyfltbnr'H%J)i : \ 

7 

- 

QJ9 

twl 


KB 

Ext. Sync. Clock Puls.e : pbr^iQnJ;t^ \</“ 

7 

- 

ns 

tsu5 

- 

18 

I/O Reg. Setup Tir^^fd^Ext^yri^^lock (Y2, Y3) 

2.7 

- 

ns 

th5 

- 

19 

I/O Reg. Hold Jime after Ext. %r§; :: 6lock (Y2, Y3) 

8.7 

- 

ns 


1 . Unless noted otherwise, all parameter§4se% GRP lo^do^ ptBs, 20 PTXOR path, ORP and Y0 clock. 

2. Refer to Timing Model in this data sheet .for further detail^/ 

3. Standard 16- Bit loadable counter.ui^irtg. GRf feedback. 

4. fmax (Toggle) may be less th^!/<^>twi)kJ , hjs :: ^^'allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test Qohdfi6ohs ::: Sec^&d. y 
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Lattice 


Specifications ispLS1 1048/883 


Internal Timing Parameters 1 


PARAMETER 

* 

DESCRIPTION 

-50 

UNITS 

MIN. 

MAX. 

Inputs 

tiobp 

20 

I/O Register Bypass 

jf I 

4.0 

ns 

tiolat 

21 

I/O Latch Delay ,/j 

CA •: 

5.3 

ns 

tiosu 

22 

I/O Register Setup Time before Clock 

.8.1 


ns 

tioh 

23 

I/O Register Hold Time after Clock 



ns 

tioco 

24 

I/O Register Clock to Out Delay 


::::: 3.9 

ns 

tior 

25 

I/O Register Reset to Out Delay 


4.6 

ns 

tdin 

26 

Dedicated Input Delay 

- 

8.0 

ns 

GRP 

tgrpl 

27 

GRP Delay, 1 GLB Load 

- 

3.3 

ns 

tgrp4 

28 

GRP Delay, 4 GLB Loads 

- 

4.0 

ns 

tgrp8 

29 

GRP Delay, 8 GLB Loads 

- 

5.3 

ns 

tgrpl 2 

30 

GRP Delay, 12 GLB Loads 

- 

6.7 

ns 

tgrpl 6 

31 

GRP Delay, 16 GLB Loads 

- 

8.0 

ns 

tgrp48 

32 

GRP Delay, 48 GLB Loads 

- 

21.3 

ns 

GLB 

t4ptbp 

33 

4 Product Term Bypass Path Delay 

- 

8.6 

ns 

tl ptxor 

34 

1 Product Term/XOR Path Delay 


9.3 

ns 

t20ptxor 

35 

20 Product Term/XQR Path Belay\ 

- 

10.0 

ns 

txoradj 

36 

XOR Adjacent pltlipelay 3 

- 

12.7 

ns 

tgbp 

37 

GLB Regisfer-Pypass Dalay f 

- 

1.3 

ns 

tgsu 

38 

GLB RagiptarSptup Tjme'bpfbre Clock 

2.0 

- 

ns 

tgh 

39 

GLpfiegietlr ftold-timfeifter Clock 

8.0 

- 

ns 

tgco 

40 

QLB Re^ Outp ut Delay 

- 

3.3 

ns 

tgr 

41/ 

GLB Register Reset to Output Delay 

- 

3.3 

ns 

tptre 

fk 

GL;p,Pro&0b| Term Reset to Register Delay 

- 

13.3 

ns 

tptoe 

"43C :: 

: ; .pLB .p.rd;duct Term Output Enable to I/O Cell Delay 

- 

11.9 

ns 

tptck,/ 

):44- 

GtPProduct Term Clock Delay 

4.6 

9.9 

ns 

0Rr>\X* 

torp 

, 4§/ 

ORP Delay 

- 

4.7 

ns 

torpbp 

46 

ORP Bypass Delay 

- 

2.0 

ns 


1 . Internal Timing Parameters are not tested and are for reference only. 

2. Refer to Timing Model in this data sheet for further details. 

3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLS1 1048/883 


Internal Timing Parameters 1 


PARAMETER 


DESCRIPTION 

-50 

UNITS 

MIN. 


Outputs 

tob 

47 

Output Buffer Delay 

/- 1 . 

4.0 


toen 

48 

I/O Cell OE to Output Enabled / :: "j 

£4.'! 

6.7 


todis 

49 

I/O Cell OE to Output Disabled 



ns 

Clocks I 

tgyo 

50 

Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 


: 6.7 

ns 

tgyl/2 

51 

Clock Delay, Y1 or Y2 to Global GLB Clock Line 

:;;-5 % 

8.0 

ns 

tgcp 

52 

Clock Delay, Clock GLB to Global GLB Clock Line 

1.3 

6.6 

ns 

tioy2/3 

53 

Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

5.3 

8.0 

ns 

tiocp 

54 

Clock Delay, Clock GLB to I/O Cell Global Clock Line 

1.3 

6.6 

ns 

Global Reset 

tgr 

55 

Global Reset to GLB and I/O Registers 

- 

10.6 

ns 


1 . Internal Timing Parameters are not tested and are for reference only, 

2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLS1 1048/883 


Lattice 


ispLS1 1048/883 Timing Model 



Derivations of tsu, th and too from the Product Term Clock 

tsu = Logic + Reg su - Clock (min) 

= ftiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp V%rp4 + tptbk(mln)) 

= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

7.4 ns = (4.0 + 4.0+1 0.0) + (2.0) - (4.0 + 4.Q + 4.8) 

th = Clock (max) + Reg h - Logic 

= ftiobp + tgrp4 + tptck(max)) ^ (tg h ) iofcjjp + rp 4 + t20ptxor) 

= (#20 + #28 + #44) + (#39) - (#20 % #2il\##f 
7.9 ns = (4.0 + 4.0 + 9.9) + (8.0)- ( ; 4.0 + 4 .(kH0J/ 

tco = Clock (max) + Reg co + Output 

= ftiobp + tgrp4 + ;: :fptdk(ma^)) + : {tg6p) : + (torp + tob) 

= (#20 + #28 +.#^^floX+^^#47) 

29.9 ns = (4.0 + 4.0 

Derivations of tsMjth and top f r cm the Clock GLB 

tsu = Ldgib + (min) 

= ; ,, -:|tlbbp + tjjjjji fp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
: * (#20 + #28 + 40 ) + (#38) - (#50 + #40 + #52) 

8/n<= |4.0 + I: : |+ :;: :f6.0) + (2.0) - (6.7 + 3.3+1 .3) 

tft'"’’\ =' .0iock (m&x) + Reg h - Logic 

% (tgyQ(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
=%(#5t) + #40 + #52) + (#39) - (#20 + #28 + #35) 

6.6 ns = : (§.7 + 3.3 + 6.6) + (8.0) - (4.0 + 4.0+1 0.0) 

tco = Clock (max) + Reg co + Output 

= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 

= (#50 + #40 + #52) + (#40 ) + (#45 + #47) 

28.6 ns = (6.7 + 3.3 + 6.6) + (3.3) + (4.7 + 4.0) 
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Lattice 


Specifications ispLS1 1048/883 


Programming Voltage/Timing Specifications 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 




Vccp 

Programming Voltage 


4.5 




Iccp 

Programming Supply Current 

ispEN = Low 

- 




VlHP 

Input Voltage High 


2.0 

- 


V 

VlLP 

Input Voltage Low 


0 

- /=;• 

0:B 

V 

IIP 

Input Current 


- 

,1«0 

20Q 

fiA 

VOHP 

Output Voltage High 

Ioh = -3.2 mA 

2.4 j 


Vg^p 

• v 

VOLP 

Output Voltage Low 

Iql = 5 mA 




V 

tr. tf 

Input Rise and Fall 



V f\ 

,'i. 1 

M'S 

tisp 

ispEN to Output 3-State 



\ 2 " 

10 

MS 

tsu 

Setup Time 



. w 

- 

MS 

tco 

Clock to Output 


> ’P- 1 " 

> ::::: 0.5 

- 

MS 

th 

Hold Time 


' o.i ' 

0.5 

- 

\is 

tclkh, tclkl 

Clock Pulse Width, High and Low 


| 0.5 

1 

- 

|1S 

tpwv 

Verify Pulse Width 


20 

30 

- 

MS 

tpwp 

Programming Pulse Width 


40 

- 

100 

ms 

tbew 

Bulk Erase Pulse Width 


200 

- 

- 

ms 

trst 

Reset Time From Valid Vccp 


45 

- 

- 

M s 
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Specifications ispLS1 1048/883 


Figure 3. Timing Waveforms for In-System Programming 


VCCP 


trst 


In^fut /yy ispLSI Pins are 3-Stated During Programming ^ v 

Unused / / / S 7 y 
Output Z/ZZZ/ 


HI - Z 


ispEN 


MODE 


SDI 




h 


tisp 




Its* 


->~L 


SCLK 


•th 


3 




tclkh 


h 


JC gjTZD C 




tsu 


VlH 


tsu 


tbp::- 


VlL VOL 


2L 
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Specifications ispLS1 1048/883 


Pin Description 


Name 

PGA Pin Numbers 

Description 

I/O 0-1/0 5 

J2, J3, K1, LI, K2, Ml, 

1 nput/Output Pins - These are the general purpose I/O pins used by the 

1/0 6-1/011 
1/012-1/017 

L2, K3, N1, M2, L3, PI, 
M3, P2, N3, M4, P3, N4, 

logic array. 

I/O 18 - I/O 23 

P4, M5 N5, P5, M6, N6, 


I/O 24 - I/O 29 

N9, M9, P10, P1 1, N10, P12, 


I/O 30 - I/O 35 

Nil, M10, P13, N12, Mil, PI 4, 


I/O 36 - I/O 41 

M12, N14, M13, L12, M14, L13, 

4 ,.,, % 

1/0 42-1/0 47 

LI 4, K12, K13, K14, J12, J13, 

•:f \ 

I/O 48 - I/O 53 

F13, F12, El 4, D14, E13, C14, 


I/O 54 - I/O 59 

D13, E12, B14, C13, D12, A14, 

| . j? 

I/O 60 - I/O 65 

C12, A13, B12, Cl 1, A12, B11, 

/" "\ 

I/O 66 - I/O 71 

All, CIO, BIO, A10, C9, B9, 

V\ / 

I/O 72 - I/O 77 

B6, C6, A5, A4, B5, A3, 

\. \ Jv ' ' "' 

I/O 78 - I/O 83 

B4, C5, A2, B3, C4, A1, 


I/O 84 - I/O 89 

C3, B1, C2, D3, Cl, D2, 


I/O 90 - I/O 95 

D1, E3, E2, El, F3, F2 


IN 4 

P9 

Dedicated input pins to thfevde vibe^flN &4nd IN 9 not available) 

IN 6 - IN 1 1 

FI 4, A9, A8, — . A6, FI 


ispEN 

H2 

Input - Dedic^t&b in-system prog|afinming enable input pin. This pin 
is brought |p^^o^^Te1h¥' : prt^rammlng mode. The MODE, SDI, 
SDO an&SCiii^ optidtiKbepome active. 

SDI/IN 0 

J1 

Input kfllis Pin pbdorm$tw6 functions. It is a dedicated input pin when 
ispJEN i§ logic high. Wf|eh ispEN is logic low, it functions as an input 
pin tp' jpad pfograrnrgiiiig data into the device. SDI/IN 0 also is used as 
: :: : one bf |he two.Qd^bl pins for the isp state machine. 

MODE/IN 1 

P6 

..Input ^thi&pinpbrforms two functions. It is a dedicated input pin when 
% IspEN is lqgie : high. When ispEN is logic low, it functions as a pin to 
operation of the isp state machine. 

S DO/IN 3 

P8 

k. input/Qtitput - This pin performs two functions. It is a dedicated clock 
inpit pinwhen ispEN is logic high. When ispEN is logic low, it functions 
k a^ :: an output pin to read serial shift register data. 

SCLK/IN 5 

J14 ,:=:€•% \ V"' 

kinput - This pin performs two functions. It is a dedicated input when 
ispEN is logic high. When ispEN is logic low, it functions as a clock pin 
for the Serial Shift Register. 

RESET 

HI \)\^\^/ 

Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 

YO 

G1 \ ’’VJ/ 

Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

Y1 

G1-4'l.-:v % ^ K 

Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 



device. 

Y2 \ 

■ 

Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 



any I/O cell on the device. 

Y3 

: 1h1 4 

Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any I/O cell on the 
device. 

GND 

B2, B8, B13, C8, H3, H12, 
M8, N2, N8, N13 

Ground (GND) 

Vcc 

B7, C7, G2, G3, G12, G13, 
M7, N7 

Vcc 

NC 

A7, P7 

These pins should be left floating, never connect these pins to ground. 
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Lattice 


Specifications ispLS1 1048/883 


Pin Configuration 


ispLS1 1048/883 PGA Pinout Diagram 


14 13 12 11 10 


7 6 5 4 3 2 1 


^1/059^ ^1/061^ ^064^ ^066^ ^069^| ^IN7^ \^/ \^y {V077J \V080j ^I/08^. ; : 

^/056^ ^GND^ ^62^ ^/Q65^ ^/C*8^ ^/07^ ^3NC^ ^072^ ^076^ ^07^ ^0/8^ ^ND^j: 


1/053 J ( 1/057 1 f 1/060 J [ 1/063 J ( 1/067 J f 1/070 1 ( GND j ( Vcc J f 1/073 J f 1/079 ) ( 1/082 J U/084 },1 JA386 1 f f/088 I I 


13 { 1/087 } 1:1/089 | -. f 1/090- 


^05^ ^/052^ ^055^ ^/093^ 

(j/048) ^049^ ^4^ (vMs) 

O © © IspLS1 1048/883 Q Q Q 

(© © (© BOTTOM VIEVV \ 0) (0) 0) 

(©©)(© 0)0)(S) 

^04^ ^04^ ^043^ ^/Q7^ @ ^UQ2^ 

^04^ ^03^ Q Q Q 

^1/040^ ^1/038^ ^36^1 ^52^ ^GND^ Q ^022^ ^019^ ^/Ol^ ^12^ ^/O^ ^/O^ 

^1/037^ ^GND^ ^J/033^ ^M028^ ^024^ ^3ND^ ^/023^ ^1/020^ ^1/017^ ^GND ^ ^/O^ 

^035^ ^j/032^ ^/026^ ^8?) (mCJDE^ (^^) (j©®) (v™) 
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Specifications ispLS1 1048/883 


Package Diagram 



132-Pin PGA 

Dimensions in inches MIN./MAX. 




Part Number Description 


ispLSI 1048 - XX \X,. \X 


Device Family - 


Device Number - 


Speed - 


50 = 50 MHz fmax 



Ordering Information 



nni 

Ordering Number 

Package 


24 

ispLSI 1048-50 LG/883 

132-Pin PGA 


5-90 


9/92. Rev. A 














Section 1 : 
Section 2: 
Section 3: 
Section 4: 
Section 5: 
Section 6: 


Introduction to pLSI and ispLSI 

pLSI and ispLSI Architectural Description 

pLSI Data Sheets 

ispLSI Data Sheets 

Military pLSI and ispLSI Data Sheets 


General Information 

Package Thermal Resistance 6-1 

Sales Offices 6-2 


6-i 





Package Thermal 
Resistance 


The following table provides information on the package Testing was performed per SEMI TEST METHOD G38- 
thermal resistance of Lattice pLSI and ispLSI Commercial 87: "Still and Forced-Air Junction to Ambient Thermal 
and Industrial grade devices. For information on the Resistance Measurements of 1C Packages" with devices 
package thermal resistance of Lattice Military grade mounted on a thermal test board conforming to SEMI 
devices, please refer to MIL-STD-1 835. SPECIFICATION G42-88: Thermal Test Board 

Standardization for Measuring Junction-to-Ambient 
Thermal Resistance of Semiconductor Packages". 


Package Thermal Resistance 


Commercial/Industrial Grade Devices 
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LATTICE SALES OFFICES 



FRANCE 

JAPAN 

Lattice Semiconductor 

MINNESOTA 

Lattice Semiconductor 

Lattice Semiconductor 

Carlsbad Pacific Ctr. One 

Lattice Semiconductor 

Les Bureaux de Sevres 

N Bid 9F 

701 Palomar Airport Rd. 

3445 Washington Dr. 

72-78, Grand Rue 

2-28-3, Higashi-Nihonbashi 

3rd Floor 

Suite 105 

92310 Sdvres 

Chuo-ku, Tokyo 103 

Carlsbad, CA 92009 

Eagan, MN 55122 

TEL: (33)1 45 34 10 10 

TEL: 813-5820-3533 

TEL: (619)931-4751 

TEL: (612)686-8747 

FAX: (33) 1 46 26 71 36 

FAX: 813-5820-3531 

FAX: (619)431-1821 

FAX: (612)686-8746 

GERMANY 

UNITEP KINGDOM 

GEORGIA 

NEW JERSEY 

Lattice Semiconductor 

Lattice Semiconductor 

Lattice Semiconductor 

Lattice Semiconductor 

Hanns-Braun-Str. 50 

Castle Hill House 

3091 Governors Lake Drive 

TEL: (201)744-5908 

8056 Neufahm bei Munchen 

Castle Hill 

Building 100, Suite 500 

FAX: (201)509-9309 

TEL: 08165-652-45 

Windsor 

Norcross, Georgia 30071 


FAX: 08165-652-49 

Berkshire SL4 1 PD 

TEL: (404) 446-2930 

OREGON 


TEL: 753-830-842 

FAX: (404)416-7404 

Lattice Semiconductor 

HONG KQ.NG 

Lattice Semiconductor 

FAX: 753-833-457 

TEL: FAE — (404) 41 6-0679 

5555 N.E. Moore Ct. 

Hillsboro, OR 97124 

2802 Admiralty Centre, Tower 1 

NORTH AMERICA 

MASSACRU-SEIIS 

TEL: (503) 780-6771 

18 Harcourt Road 


Lattice Semiconductor 

FAX: (503)692-1443 

Hong Kong 

CALIFORNIA 

67 S. Bedford St. 


TEL: (852) 529-0356 

Lattice Semiconductor 

Suite 400 West 

TEXAS 

FAX: (852)866-2315 

4000 Burton Drive 

Burlington, MA 01803 

Lattice Semiconductor 


Santa Clara, CA 95051 

TEL: (617)229-5819 

100 Decker Ct. Ste. 280 


TEL: (408) 980-7878 

FAX: (408) 980-0839 

FAX: (617)272-3213 

Irving, TX 75062 

TEL: (214)650-1236 

FAX: (214)650-1237 

NORTH AMERICAN SALES REPRESENTATIVES 


ALABAMA 

Earle Associates 

GEORGIA 

MARYLAND 

CSR Electronics, Inc. 

7585 Ronson Rd. #200 

CSR Electronics, Inc. 

Deltatronics 

303 Williams Avenue 

San Diego, CA 921 1 1 

1651 Mt. Vernon Rd. # 200 

24048 Sugar Cane Ln. 

Ste. 931 

TEL: (619)278-5441 

Atlanta, GA 30338 

Gaithersburg, MD 20882 

Huntsville, AL 35801 

FAX: (619)278-5443 

TEL: (404) 396-3720 

TEL: (301)253-0615 

TEL: (205)533-2444 

FAX: (205)536-4031 

COLORADO 

FAX: (404)394-8387 

FAX: (301)253-9108 


Waugaman Associates 

ILLINOIS 

MASSACHUSETTS 

ARIZONA 

4800 Van Gordon 

Heartland Tech Mktg. 

Comp Rep Associates 

Summit Sales 

Wheat Ridge, CO 80033 

1615 Colonial Pkwy. 

100 Everett Street 

7802 E. Gray Rd. #600 

TEL: (303)423-1020 

Inverness, IL 60067 

Westwood, MA 02090 

Scottsdale, AZ 85260 

FAX: (303)467-3095 

TEL: (708) 358-6622 

TEL: (617)329-3454 

TEL: (602) 998-4850 

FAX: (602)998-5274 

CONNECTICUT 

FAX: (708)358-7660 

FAX: (617)329-6395 


Comp Rep Associates 

IOWA 

MICHIGAN 

CALIFORNIA 

60 Connolly Pkwy. 

Stan Clothier Company 

Greiner & Associates 

Bager Electronics 

Bldg. 12 Suite 210 

1930 St. Andrews, N.E. 

15324 E. Jefferson Ave. 

17220 Newhope St. #209 

Hamden, CT 06514 

Cedar Rapids, IA 52402 

Grosse Pointe Park, Ml 48230 

Fountain Valley, CA 92708 

TEL: (203) 230-8369 

TEL: (319)393-1576 

TEL: (313)499-0188 

TEL: (714)957-3367 

FAX: (714)546-2654 

FAX: (203)230-8394 

FAX: (319)393-7317 

FAX: (313)499-0665 


FLORIDA 

KANSAS 

MINNESOTA 

Bager Electronics 

Sales Engineering Concepts 

Stan Clothier Company 

Stan Clothier Company 

6324 Variel Ave. #314 

776 S. Military Trail 

815 Clairbome, Ste. 275C 

9600 W. 76th St., Ste. #A 

Woodland Hills, CA 91367 

Deerfield Beach, FL 33442 

Olathe, Kansas 66062 

Eden Prairie, MN 55344 

TEL: (818)712-0011 

TEL: (305) 426-4601 

TEL: (913)829-0073 

TEL: (612)944-3456 

FAX: (818)712-0160 

Criterion Sales 

3350 Scott Blvd, Bkig.44 

Santa Clara, CA 95054 

TEL: (408) 988-6300 

FAX: (408)986-9039 

FAX: (305)427-7338 

Sales Engineering Concepts 
600 S. Norhtlake Blvd. #230 
Altamonte Spgs, FL 32701 

TEL: (407) 830-8444 

FAX: (407)830-8684 

FAX: (913)829-0429 

FAX: (612)944-6904 
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Sales Offices 


MI SSOURI 

Stan Clothier Company 
3910 Old Highway 94 South 
Suite 116 

St. Charles, MO 63304 
TEL: (314)928-8078 
FAX: (314)447-5214 

NE W J ERSE Y 
Technical Marketing Group 
175-3C Fairfield Ave. 

West Caldwell, NJ 07006 
TEL: (201)226-3300 
FAX: (201)226-9518 

NE.W-YQBK 

Technical Marketing Group 
20 Broad Hollow Rd. 

Melville, NY 11747 
TEL: (516)351-8833 
FAX: (516)351-8667 

Tri-Tech Electronics 
300 Main St. 

E. Rochester, NY 14445 
TEL: (716)385-6500 
FAX: (716)385-7655 

Tri-Tech Electronics 
14 Westview Dr. 

Fishkill, NY 12524 
TEL: (914)897-5611 
FAX: (914)897-5611 

Tri-Tech Electronics 
6836 E. Genesee St. 
Fayetteville, NY 13066 
TEL: (315)446-2881 
FAX: (315)446-3047 

NORTH CA R OL I N A 

CSR Electronics, Inc. 

5848 Faringdon Place, Ste. 2 
Raleigh, NC 27609 
TEL: (919)878-9200 
FAX: (919)878-9117 

CSR Electronics, Inc. 

6425 CreftCr. 


OHIO 

Makin & Associates 
3165 Lynwood Rd. 
Cincinnati, OH 45208 
TEL: (513)871-2424 
FAX: (513)871-2524 

Makin & Associates 
6400 Riverside Dr. Bldg. A 
Dublin, OH 43017 
TEL: (614)793-9545 
FAX: (614)793-0256 

Makin & Associates 
32915 Aurora Ave. #270 
Solon, OH 44139 
TEL: (216)248-7370 
FAX: (216)248-7372 

OKL AH OMA 
West Associates 
9717 E. 42nd St. #125 
Tulsa, OK 74146 
TEL: (918)665-3465 
FAX: (918)663-1762 

OREGON 
Components West 
16300 SW Hart Rd. 

Suite G 

Beaverton, OR 97007 
TEL: (503)642-9110 
FAX: (503)642-9592 

PENNSYLVANIA 
Deltatronics 
921 Penllyn Pike 
Blue Bell, PA 19422 
TEL: (215)641-9930 
FAX: (215)641-9934 

TENNES S E E 
CSR Electronics, Inc. 
Grand Union Bldg. 

406 Union Ave. 

Suite 550 

Knoxville, TN 37902 
TEL: (615)637-0293 
FAX: (615)637-0466 


TEXAS 

West Associates 
4615 Southwest Fwy #720 
Houston, TX 77027 
TEL: (713)621-5983 
FAX: (713)621-5895 

West Associates 
9171 Capital of Texas Hwy. 
North Houston Bldg. #120 
Austin, TX 78759 
TEL: (512)343-1199 
FAX: (512)343-1922 

West Associates 
801 E. Campbell Rd. #350 
Richardson, TX 75081 
TEL: (214)680-2800 
FAX: (214)699-0330 

UTAH 

Waugaman Associates 
876 East Vine St. 

Murray, UT 84107 
TEL: (801)261-0802 
FAX: (801)261-0830 

VIR GI NIA 

Deltatronics 

6040 Knights Ridgeway 
Alexandria, VA 22310 
TEL: (703)971-1733 
FAX: (703)971-1343 

W ASH I NG T ON 
Components West 
4020 148th Ave. NE 
Suite A 

Redmond, WA 98052 
TEL: (206) 885-5880 
FAX: (206)882-0642 

W ISC O NSI N 

Heartland Technical Mktg. 
350 Bishops Way 
Brookfield, Wl 53005 
TEL: (414)789-6860 
FAX: (414)789-6864 


P U E RT Q-B ICO 
Sales Engineering Concepts 
Condo. Buena Vista 
Urb. Mercedita 
Local Commercial C-1 
Ponce, P.R. 00731 
TEL: (809)841-4220 
FAX: (809)259-7223 


C ANA D A 

ALBERTA 

Dynasty Components 
Calgary, Alberta 
TEL: (403) 686-2362 
FAX: (403)686-2364 

B RI TISH C O LUMBIA 
Dynasty Components 
Vancouver, British Columbia 
TEL: (604) 597-0068 
FAX: (613)723-8820 

ONT ARI O 

Dynasty Components 
174 Colonade Rd. S. 

Unit 21 

Nepean, Ontario 
Canada, K2E 7J5 
TEL: (613)723-0671 
FAX: (613)723-8820 

Dynasty Components 
Toronto, Ontario 
TEL: (416)672-5977 
FAX: (613)723-8820 

QUEBEC 

Dynasty Components 
Montreal, Quebec 
TEL: (514)843-1879 
FAX: (514)694-6826 


Indian Trail, NC 28079 
TEL: (704) 882-3992 
FAX: (704)882-3999 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 


AUSTRALIA 

DataDis 

JAPAN 

SINGAPORE 

RAE Industrial Elect. Pty. 

3 Bis Rue Rene Cassin 

Ado Electronic Indust. Co. 

Technology Distribution 

62 Moore St. 

B.P 84 

7th Floor, Sasage Building 

No. 1 Syed Alwi Rd. #05-02 

Austimer, NSW 215 

91303 Massey Cedex 

No. 4-6 Sotokanda 

Song Lin Bldg. 

TEL: (61)42-673722 

TEL: (33)69-20 4141 

2-Chome, Chiyoda-ku 

Singapore 0620 

FAX: (61)42-681075 

FAX: (33) 69-20 4900 

Tokyo 101 

TEL: (65) 368 6065 



TEL: (81)3-3257-2600 

FAX: (65)368 0182 

ZATEK Components, Ltd. 

GERMANY 

FAX: (81)3-3251-6796 


1059 Victoria Road 

Alfatron GmbH. 

TLX: 7812224754 

SOUTH AFRICA 

P.O Box 397, Suite 8 

Stahlgruberring 12 


Multikomponent 

WestRyde, NSW 21 14 

8000 Munchen 82 

Macnica, Inc. 

Cnr. Vanacht & Gewel St. 

Sidney, 3153 

TEL: (49)89 45 11 0-04 

Hakusan High-Tech Park 

Isando 1600, P.O Box 695 

TEL: (61) 2 874-0122 

FAX: (49)89 45 11 0-129 

1-22-2 Hakusan-cho, Midori-ku 

TEL: (27)11 9741525 

FAX: (61)2 874-6171 

TLX: (49)5216935 

Yokohama, 226 

FAX: (27)11 392 2463 



TEL: (81)45-939-6140 

TLX: 960426905 

AUSTRIA 

HONG KONG 

FAX: (81)45-939-6141 


Ing. E. Steiner GmbH. 

RTI Industries Co. Ltd. 

TLX: 78128988 

SPAIN 

Hummelgasse 14 

B23, 3rd Floor 


ATD 

A-1 130 Wien 

Proficient Ind. Centre 

Hakuto Co., Ltd. 

Avenida de la Industria 

TEL: (43) 222-877-7474-0 

6, Wang Kwan Rd. 

2-29, Toranomon, 1 chome 

No. 32, 2B 

FAX: (43)222-876-5617 

Kowloon 

Minato-Ku, Tokyo 105 

28100 Alcobendas 

TEL: (852) 795 7421 

TEL: (81)3-3225-8910 

Madrid 

BELGIUM 

FAX: (852) 795 7839 

FAX: (81)3-3597-8975 

TEL: (34) 1 661-6551 

Alcorn Electronics B.V.B.A. 
Singel 3 

INDIA 

TLX: J2291 2BRAPAN 

FAX: (34) 1 661 6300 

2550 Kontich 

Hindetron 

Hoei Denki Co., Ltd. 

SWEDEN 

TEL: (32)3 458-3033 

23B, Industry House 

6-60, 2-Chome, Niitaka 

Pelcon Electronics 

FAX: (32)3 458 3126 

Mahal Industry Estate 

Yodogawa-Ku, 

Fagerstagatan 6-8 


Mahakali Caves Rd. 

Osaka 532 

S- 163 08 Spanga 

DENMARK 

Andheri (East), Bombay 400 093 

TEL: (81)6 3941113 

TEL: (46) 8 795 9870 

Ditz Schweitzer 

TEL: (91)812 348 266 

FAX: (81)6 396 5647 

FAX: (46) 8 760 7685 

Vallensbaekvej 41 

FAX: (91)812 345 022 

TLX: 5233694HOEIDK J 

Postboks 5, 

TLX: (91 ) 08452741 HSPL IN 


SWITZERLAND 

DK-2605 Brendby 


KOREA 

Ascom Primotec AG 

TEL: (45)42 45 30 44 

IRELAND 

Ellen & Company 

T&fernstrasse 37 

FAX: (45) 42 45 92 06 

Silicon Concepts 

Suite #302 llbok Bldg. 

CH-5405 Baden-D&ttwil 

TLX: 85533257 

Norebank House 

1602-4 Seocho-Dong 

TEL: (41)5684-0171 


Greens Hill, Kilkenny 

Seocho-ku, Seoul 

FAX: (41)5683-3454 

FINLAND 

TEL: (353) 56 64002 

TEL: (82) 02 587 5724 

TLX: 828 221 apri ch 

Yleiselektroniikka OY 
Luomannotko 6, PL73 

FAX: (353)56 51438 

FAX: (82)02 585 1519 

TAIWAN 

02201 Espoo 

ISRAEL 

NETHERLANDS 

Master Electronics 

TEL: (358)804 521622 

Unitec 

Alcorn Electronics B.V. 

16F, No. 182, Sec. 2 

FAX: (358) 804 523337 

Rechov Maskit 1 

P.O. Box 358 

Tun-Hwa South Rd. 

TLX: 857123212 

Herzlia B, PO Box 2123 

2900 AJ Capelle A/D Ijssel 

Taipei 


46120 

TEL: (31)10 4519533 

TEL: (886) 02-735-0905 

FRANCE 

TEL: (972) 52 576006 

FAX: (31)10 4586482 

FAX: (886) 02-735-0902 

Almex 

FAX: (972) 52 576790 

TLX: 26160 


48 Rue de l’Aubepin6 

TLX: 922341990 


Score Zap Industry 

BP 102 


NORWAY 

2F, No. 26, Alley 88, Lane 91 

92164 Antony Cedex 

ITALY 

Henaco A/S 

Sec. 1 Nei Hu Rd. 

TEL: (33) 1 4096 5400 

Comprel S.R.L. 

Trondheimsveien 436 

Taipei 

FAX: (33)1 4666 6028 

Viale F.Testi, 115 

PO Box 126 

TEL: (886) 2-627-7045 


20092 Cinosello B. 

Kaldbakken, Oslo 9 

FAX: (886) 2-659-0089 

Franelec 

Milano 

TEL: (47)2162110 

50 Rue de L’Aubepine 

TEL: (39)2-61206415 

FAX: (47) 2257780 

UNITED KINGDOM 

B.P. 158 

FAX: (39)2-6128158 

TLX: 76716 

Macro Marketing 

92185 Antony Cedex 



Burnham Lane 

TEL: (33)1 4096 0909 

Comprel S.P.A. 


Slough SL1 6LN 

FAX: (33) 1 4096 0250 

Via Po, 37 


England 

TLX: 842250067 

20031 - Cesano Mademo 


TEL: (44) 628 604383 


Milano 


FAX: (44) 628 666873 


TEL: (39) 3-62553991 

FAX: (39) 3-62553967 


TLX: 851847945 
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Micro Call 
17 Thame Park Rd. 

Thame, Oxon 0X9 3XD 
England 

TEL: (44)84 426-1939 
FAX: (44)84 426-1678 

Silicon Concepts, Ltd. 

PEC Lynchborough Rd. 
Passfield, Liphook 
Hampshire GU30 7SB 
England 

TEL: (44)428 751617 
FAX: (44)428 751603 

Silicon Concepts, Ltd. 
Meridale, Welsh Street 
Chepston, Gwent, NP6 5LR 
Wales 

TEL: (44)291-624101 
FAX: (44)291-629878 


Sales Offices 


NORTH AMERICAN DISTRIBUTORS 


ALABAMA 

Insight Electronics 

Marshall Industries 

Arrow Electronics 

1295 Oakmead Pkwy. 

26637 Agoura Rd. 

1015 Henderson Rd. 

Sunnyvale, CA 94086 

Calabasas, CA 91302 

Huntsville, AL 35816 

(408)720-9222 

(818) 878-7000 

(205) 837-6955 

Marshall Industries 

Marshall Industries 

Hall-Mark Electronics 

336 Los Coches St. 

9320 Telstar Ave. 

4890 University Square 

Milpitas, CA 95035 

El Monte, CA 91731-3004 

Suite 1 

(408) 942-4600 

(818) 307-6000 

Huntsville, AL 35816 
(205) 837-8700 

Marshall Industries 

Marshall Industries 


3039 Kilgore Ave. #140 

One Morgan 

Marshall Industries 

Rancho Cordova, CA 95670 

Irvine, CA 92718 

3313 Memorial Pkwy S. 

(916) 635-9700 

(714) 458-5301 

Huntsville, AL 35801 
(205) 881-9235 

SOUTHERN CALIFORNIA 

Marshall Industries 


Arrow Electronics 

5961 Kearney Villa Rd. 

ARIZONA 

Malibu Canyon Bus. Park 

San Diego, CA 92123 

Arrow Electronics 

26677 W. Agoura Road 

(619) 627-4140 

2415 W. Erie Drive 

Calabasas, CA 91302 


Tempo, AZ 85282 

(818) 880-9686 

COLORADO 

(602)431-0030 


Arrow Electronics 


Arrow Electronics 

61 Inverness Drive East 

Hall-Mark Electronics 

6 Cromwell, Suite 100 

Suite 105 

4637 S. 36th Place 

Irvine, CA 92718 

Englewood, CO 80112 

Phoenix, AZ 85040 

(714) 587-0404 

(303) 799-0258 

(602) 437-1200 

Arrow Electronics 

Hall-Mark Electronics 

Insight Electronics 

9511 Ridgehaven Ct. 

12503 E. Euclid Drive 

1525 W. University Dr. 

San Diego, CA 92123 

Suite 20 

Suite #105 

(619) 565-4800 

Englewood, CO 801 1 1 

Tempo, AZ 85281 


(303) 790-1662 

(602) 829-1800 

Hall-Mark Electronics 



3940 B- Ruffin Road 

Marshall Industries 

Marshall Industries 

San Diego, CA 92123 

12351 N. Grant 

9830 S. 51st St. #B121 

(619) 268-1201 

Thornton, CO 80241 

Phoenix, AZ 85044 


(303) 451-8383 

(602) 496-0290 

Hall-Mark Electronics 



1 Mauchly 

CONNECTICUT 

NORTHERN CALIFORNIA 

Irvine, CA 92718 

Arrow Electronics 

Arrow Electronics 

(714) 727-6000 

12 Beaumont Rd. 

1180 Murphy Ave. 


Wallingford, CT 06492 

San Jose, CA 95131 

Hall-Mark Electronics 

(203) 265-7741 

(408) 441-9700 

9420 Topanga Canyon 



Chatsworth, CA 91311 

Hall-Mark Electronics 

Arrow Electronics 

(818) 773-4500 

125 Commerce Ct. 

90 East Tasman Dr. 


Unit 6 

San Jose, CA 95134 

Insight Electronics 

Chesire.CT 06410 

(408) 428-6400 

4333 Park Terrace Dr. 

(203) 271-2844 

Hall-Mark Electronics 

Suite 101 

Westlake Village, CA 91361 

Marshall Industries 

580 Menio Drive 

(818) 707- 2101 

20 Sterling Dr. 

Suite 2 


PO Box 200 

Rocklin, CA 95677 

Insight Electronics 

Wallingford, CT 06492 

(916) 624-9781 

6885 Flanders Dr. #C 

(203) 265-3822 

Hall-Mark Electronics 

San Diego, CA 92121 
(619) 587-1100 

FLORIDA 

2105 Lundy Avenue 


Arrow Electronics 

San Jose, CA 95131 

Insight Electronics 

400 Fairway Dr. 

(408) 432-4000 

2 Venture Plaza 

Deerfield Beach, FL 33441 


Suite 340 

(305) 429-8200 


Irvine, CA 92718 
(714) 727-3291 
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Sales Offices 


Arrow Electronics 
37 Skyline Dr. 

Bldg. D, Suite 3101 
Lake Mary, FL 32746 
(407) 333-9300 

Hall-Mark Electronics 
10491 72nd North 
Largo, FL 34637 
(813) 541-7440 

Hall-Mark Electronics 
3161 SW 15th Street 
(McNabb Road) 

Pompano Beach, FL 33069 
(305) 971-9280 

Hall-Mark Electronics 
489 E. Semoran Blvd. 

Suite 145 

Casselberry, FL 32707 
(407) 830-5855 

Marshall Industries 
380 S. Northlake Rd. #1024 
Altamonte Springs, FL 32701 
(407) 767-8585 

Marshall Industries 
2700 Cypress Ck. Rd. #D1 14 
Ft. Lauderdale, FL 33309 
(305) 977-4880 

Marshall Industries 
2840 Scherer Dr. #410 
St. Petersburg, FL 33716 
(813)573-1399 

GEORGIA 
Arrow Electronics 
4205E River Green Pkwy. 
Duluth, GA 30136 
(404) 497-1300 

Hall-Mark Electronics 
3425 Corporate Way 
Suite A 

Duluth, GA 30136-2552 
(404) 623-4400 

Marshall Industries 
5300 Oakbrook Pkwy #140 
Norcross, GA 30093 
(404) 923-5750 

IOWA 

Arrow Electronics 
375 Collins Rd. NE 
Cedar Rapids, IA 52402 
(319) 395-7230 

ILLINOIS 

Arrow Electronics 
1 140 W. Thomdale Ave. 
Itasca, IL 60143 

(312) 250-0500 


Hall-Mark Electronics 
210 Mittel Drive 
Wood Dale, IL 60191 
(708) 860-3800 

Marshall Industries 
50 E. Commerce Dr. # 1 
Schaumberg, IL 60173 
(708) 490-0155 

INDIANA 

Arrow Electronics 
7108 Lakeview Pkwy. W. 
Indianapolis, IN 46268 
(317) 299-2071 

Hall-Mark Electronics 
4275 West 96th Street 
Indianapolis, IN 46268 
(317) 872-8875 

Marshall Industries 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297-0483 

KANSAS 
Arrow Electronics 
9108 Legler Road 
Lenexa, KS 66214 
(913) 541-9542 

Hall-Mark Electronics 
10809 Lakeview Drive 
Lenexa, KS 66215 
(913) 888-4747 

Marshall Industries 
10413 W. 84th Ter. 

Pine Ridge Business Park 
Lenexa, KS 66214 
(913) 492-3121 

M ARY L AN D 

Arrow Electronics 
9800J Patuxent Wood Dr. 
Suite H 

Columbia, MD 21046 
(410) 596-7800 

Hall-Mark Electronics 
10240 Old Columbia Rd. 
Columbia, MD 21046 
(410) 988-9800 

Marshall Industries 
2221 Broadbirch Dr. 

Silver Springs, MD 20904 
(410) 622-1118 

MAS SACHU S ETTS 
Arrow Electronics 
25 Upton Dr. 

Wilmington, MA 01887 
(508) 658-0900 


Hall-Mark Electronics 
Pinehurst Park 
6 Cook Street 
Billerica, MA 01821 
(508) 667-0902 

Marshall Industries 
33 Upton Dr. 

Wilmington, MA 01887 
(508) 658-0810 

MICHIGAN 
Arrow Electronics 
19880 Haggerty Rd. 

Livonia, Ml 48152 

(313) 462-2290 

Hall-Mark Electronics 
44191 Plymouth Oaks Blvd. 
Suite 1300 
Plymouth, Ml 48170 
(313) 416-5800 

Marshall Industries 
31067 Schoolcraft 
Livonia, Ml 48150 

(313) 525-5850 

MI NN E SOTA 

Arrow Electronics 
10100 Viking Drive #100 
Eden Prairie, MN 55344 
(612) 941-5280 

Hall-Mark Electronics 
9401 James Ave. South 
#140 

Bloomington, MN 55431 
(612) 881-2600 

Marshall Industries 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 

MISSOURI 
Arrow Electronics 
2380 Schuetz Rd. 

St. Louis, MO 63146 

(314) 567-6888 

Hall-Mark Electronics 
4873 Rider Trail South 
Earth City, MO 63045 
(314) 291-5350 

Marshall Industries 
3377 Hollenberg Dr. 
Bridgeton, MO 63044 
(314) 291-4650 

NE W J EBSE Y 
Arrow Electronics 
4 East Stow Rd. Unit 1 1 
Mariton.NJ 08053 
(609) 596-8000 


Arrow Electronics 
43 Route 46 East 
Pinebrook, NJ 07058 
(201) 227-7880 

Hall-Mark Electronics 
225 Executive Drive 
Suite 5 

Moorestown, NJ 08057 
(609) 235-1900 

Hall-Mark Electronics 
200 Landidex Plaza 
2nd Floor 

Parsippany, NJ 07054 
(201) 515-3000 

Marshall Industries 
101 Fairfield Rd. 

Fairfield, NJ 07006 
(201) 882-0320 

Marshall Industries 
158 Gaither Dr. 

Mt. Laurel, NJ 08054 
(609) 234-9100 

NEW YOR K 
Arrow Electronics 
25 Hub Drive 
Melville, NY 11 747 
(516)391-1300 

Arrow Electronics 
20 Oser Ave. 
Hauppauge, NY 11788 
(516)231-1000 

Arrow Electronics 
3375 Brighton-Henrietta 
Townline Rd. 

Rochester, NY 14623 
(716) 427-0300 

Hall-Mark Electronics 
6605 Pittsford-Palmyra 
Suite E8 

Fairport, NY 14450 
(716) 425-3300 

Hall-Mark Electronics 
3075 Veterans Memorial 
Ronkonkoma, NY 11779 
(516) 737-0600 

Marshall Industries 
275 Oser Ave. 
Hauppauge, NY 11788 
(516) 273-2424 

Marshall Industries 
1250 Scottsville Rd. 
Rochester, NY 14624 
(716) 235-7620 
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Sales Offices 


Marshall Industries 
100 Marshall Drive 
Endlcott, NY 13790 
(607) 785-2345 

NO R T H CAROL INA 
Arrow Electronics 
5240 Greens Dairy Rd. 

Raleigh, NC 27604 
(919) 876-3132 

Hall-Mark Electronics 
5234 Greens Dairy Road 
Raleigh, NC 27604 
(919) 872-0712 

Marshall Industries 
5224 Greens Dairy Rd. 

Raleigh, NC 27604 
(919) 878-9882 

OHIO 

Arrow Electronics 
6573E Cochran Rd. 

Solon, OH 44139 
(216) 248-3990 

Arrow Electronics 
8200 Washington Village Dr. #A 
Centerville, OH 45458 
(513) 435-5563 

Hall-Mark Electronics 
777 Dearborne Park Lane 
Worthington, OH 43085 
(614) 888-3313 

Hall-Mark Electronics 
5821 Harper Road 
Solon, OH 44139 
(216) 349-4632 

Marshall Industries 
3520 Park Center Dr. 

Dayton, OH 45414 
(513) 898-4480 

Marshall Industries 
30700 Bainbridge Rd. Unit A 
Solon, OH 44139 
(216) 248-1788 

OK L AHOMA 
Arrow Electronics 
12111 East 51st St. #101 
Tulsa, OK 74146 
(918) 252-7537 

Hall-Mark Electronics 
5411 S. 125th East Ave. 

Tulsa, OK 74146 
(918) 254-6110 


O R E GON 

Arrow Electronics 
1885 N.W. 169th Place 
Beaverton, OR 97006 
(503) 629-8090 

Insight Electronics 
8705 SW Nimbus #200 
Tigard, OR 97005 
(503) 644-3300 

Marshall Industries 
9705 SW Gemini Dr. 
Beaverton, OR 97005 
(503) 644-5050 

PENNSYLVANIA 
Marshall Industries 
401 Parkway View Dr. 
Pittsburgh, PA 15205 
(412) 788-0441 

TEXAS 

Arrow Electronics 
2227 West Braker Lane 
Austin, TX 78758 
(512) 835-4180 

Arrow Electronics 
3220 Commander Dr. 
Carrollton, TX 75006 
(214) 380-6464 

Arrow Electronics 
10899 Kinghurst Dr. #100 
Houston, TX 77099 
(713) 530-4700 

Hall-Mark Electronics 
11420 Pagemill Road 
Dallas, TX 75243 
(214) 553-4300 

Hall-Mark Electronics 
Corporate Headquarters 
11333 Pagemill Road 
Dallas, TX 75243 
(214) 343-5000 

Hall-Mark Electronics 
1221 1 Technology Blvd. 
Austin, TX 78727 
(512) 258-8848 

Hall-Mark Electronics 
8000 Westgien 
Houston, TX 77063 
(713)781-6100 

Insight Electronics 
12703- A Research Blvd. #1 
Austin, TX 78759 
(512) 467-0800 


Insight Electronics 
1778 Plano Rd. #320 
Richardson, TX 75081 
(214) 783-0800 

Insight Electronics 
15437 McKaskle 
Sugarland, TX 77478 
(713) 448-0800 

Marshall Industries 
8504 Cross Park Dr. 
Austin, TX 78754 
(512) 837-1991 

Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 

Marshall Industries 
2045 Chenault Street 
Carrollton, TX 75006 
(214) 233-5200 

UTAH 

Arrow Electronics 
1946 West Parkway Blvd. 
Salt Lake City, UT 84119 
(801)973-6913 

Hall-Mark 
545 E4500 South 
Suite 130 

Salt Lake City, UT 84107 
(801) 972-1008 

Marshall Industries 
2355 South 1070 West 
Salt Lake City, UT 84119 
(801) 973-2288 

WASHINGTON 
Arrow Electronics 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 
(206) 643-9992 

Hall-Mark Electronics 
250 NW 39th 
Suite 4 

Seattle, WA 98107 
(206) 547-0415 

Insight Electronics 
12002115th Avenue, NE 
Kirkland, WA 98034 
(206) 820-8100 

Marshall Industries 
11715 N. Creek Pkwy. S. 
Suite 112 
Bothell, WA 98011 
(206) 486-5747 


WIS CONS IN 
Arrow Electronics 
200 North Patrick Blvd. 
Brookfield, Wl 53045 
(414) 792-0150 

Hall-Mark Electronics 
2440 South 179th St. 

New Berlin, Wl 53146 
(414) 797-7844 

Marshall Industries 
20900 Swenson Dr. #150 
Waukesha, Wl 53186 
(414) 797-8400 


CANADA 

ALBERTA 

Future Electronics 
3833-29th Street 
Calgary, Alberta 
Canada, T1Y 6B5 
(403) 250-5550 

Future Electronics 
4606-97th Street 
Edmonton, Alberta 
Canada, T6E 5N9 
(403) 438-2858 

B B HIStjCQLU MBIA 
Arrow Electronics 
8544 Baxter Place 
Burnaby, British Columbia 
Canada, V5A4T8 
(604) 421-2333 

Future Electronics 
1695 Boundary Road 
Vancouver, British Columbia 
Canada, V5K 4X7 
(604) 294-1166 

M ANITOBA 

Future Electronics 
100 King Edward 
Winnipeg, Manitoba 
Canada, R3H 0N8 
(204) 786-7711 

ONTARIO 
Arrow Electronics 
36 Antares Dr. Unit 100 
Nepean, Ontario 
Canada, K2E 7W5 
(613) 226-6903 

Arrow Electronics 
1093 Meyerside Dr. 
Mississauga, Ontario 
Canada, L5P 1M4 
(416)670-7769 
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Sales Offices 


Future Electronics 
1050 Baxter Road 
Ottawa, Ontario 
Canada, K2C 3P2 
(613) 820-8313 

Future Electronics 
5935 Airport Rd., #200 
Mississauga, Ontario 
Canada, L4V 1W5 
(416) 612-9200 

Marshall Industries 
4 Paget Rd. 

Bldg. 1112, Unit 10 
Brampton, Ontario 
Canada, L6T 5G3 
(416) 458-8046 

QUEBEC 

Arrow Electronics 
1100 St. Regis Blvd. 

Dorval, Quebec 
Canada, H9P 2T5 
(514)421-7411 

Future Electronics 
237 Hymus Blvd. 

Pointe Claire, Quebec 
Canada, H9R 5C7 
(514) 694-7710 

Future Electronics 
1000 St-Jean Babtiste #100 
Quebec City, Quebec 
Canada, G2E 5G5 
(418) 877-6666 

Marshall Industries 
148 Brunswick Blvd. 

Pointe Claire, Quebec 
Canada, H9R 5B9 
(514) 694-8142 
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Lattice Semiconductor Corp. 

5555 Northeast Moore Ct. 

Hillsboro, Oregon 97124 USA 
Telephone: (503) 681-0118 
FAX: (503) 681-3037 

pLSI & ispLSI Applications Hotline: 1 -800-LATTICE 
pLSI & ispLSI Electronic Bulletin Board: (408) 980-9814 
Literature Hotline: 1-800-327-8425 

Order #: BO0 10 
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